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PREDICTION OF PETROLEUM GENERATION INTERVALS IN THE SOUTHERN NIGERIA 
RIFT BASINS BY MEANS OF CLAY TRANSFORMATIONS, VITRINITE REFLECTANCE 
AND FLUID INCLUSION STUDIES 
AKANDE. S. O.,' VICZIÁN, I.,2 ERDTMANN, B.3 
1 Department of Geology, University of Ilorin, Ilorin, PMB 1515, Nigeria 
2 Hungarian Geological Survey [Magyar Geológiai Szolgálat], Stefánia út 14., Budapest, 1143, Hungary 
3 Institut für Angewandte Geowissenschaften, Technische Universität, Str. des 17. Juni 135, Berlin, 10623, Germany 
E-mail: sakande@skannet.com; samoakande@hotmail.com 
Cretaceous to Tertiary rift basins in Southern Nigeria 
comprise of the Abakaliki and the Anambra basins, which 
form a part-of the Lower Benue Trough. While hydrocarbon 
prospectivity in the Abakaliki basin was considered as high 
risk in view of the shallow thickness (cca. 2000 m) of the 
Pre-Santonian sediments, the adjacent Anambra basin with 
over 8000 m of both Pre-Santonian and Post-Santonian sedi-
ments have estimated reserves of 1 billion barrels of oil and 
30 trillion cubic feet of gas. 
A combined study of clay types especially smectite propor-
tions in illite-smectite (S% in illite-smectite), mixed layers and 
illite "crystallinity" (IC) of clay constituents, vitrinite reflec-
tance (Rom) on coaly particles and fluid inclusions microther-
mometry in the intraformational vein minerals from the Creta-
ceous to Tertiary sequences was carried out to evaluate the bu-
rial stages and thermal maturation of the sediments in selected 
oil exploratory wells and traverses across the two basins. 
In the Abakaliki basin, where estimated palaeotempera-
tures vary from 170°C to 230°C; the clays are devoid of smec-
tites S = 0%; illite "crystallinity" (IC) values are between 0.4 
to O.9°20 and vitrinite reflectance in oil (Rom) vary from 
2.46 to 4.30%. In the adjacent Anambra basin where palaeo-
temperatures vary from 100 to 140°C, S% range from 20 to 
30% and IC values are between 1.4 to 1.6 °20 , with maturity 
(Rom) values from 0.7 to 0.9%. If the zone of catagenesis, pet-
roleum generation and expulsion is set at palaeotemperatures 
between 70°C and 130°C comparable with proportions of 
smectites in mixed layers (S% in I-S) between 40 to > 10% 
and maturity (Rom) values between 0.6 to 1.3%, our data 
suggests that source rocks in the Abakaliki basin have under-
gone burial diagenesis plus magmatic and hydrothermal 
effects leading to high palaeotemperatures. This level of 
overmaturity on the major axis of the Abakaliki basin indi-
cate that the Albian to Cenomanian source rocks have higher 
chances of generating only gas. In the adjacent Anambra 
basin, the successions have undergone normal burial diagene-
sis (consequent to subsidence). The level of maturity attained 
suggests that the sediments are dominantly within the zone of 
petroleum generation and source rocks here comprising the 
Albian through Maastrichtian sequences have continued to 
generate hydrocarbons to date at stratigraphic intervals at least 
below the Cretaceous-Tertiary unconformity in the basin. 
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QUANTITATIVE RECONSTRUCTION OF HOLOCENE CLIMATE CHANGES BY 
MINERALOGICAL ANALYSIS OF PALAEOSOLS IN THE STEPPE REGIONS OF EAST 
EUROPE 
ALEKSEEV. A. O..' ALEKSEEVA. Т. V.,1 MÄHER, B. A.2 
1 Institute of Physicochemical and Biological Problems o f Soil Science RAS [Институт физико-химических и биологических проблем 
почвоведения РАН], Pushchino, 142290, Russia 
2 Centre for Environmental Magnetism and Palaeomagnetism, Department o f Geography, Lancaster University, Bailrigg, Lancaster, LAI 
4YW, United Kingdom 
E-mail: alekseev@issp.serpukhov.su 
The steppe soil belt of Eurasia, which includes the north-
ern Caucasus, the low Volga basin, the southern Urals, and 
northern Kazakhstan, was investigated in this multidiscip-
linary study. Properties of palaeosols, as natural environ-
mental recorders in the steppe belt, were compared with the 
sequence of environmental events. The work has shown that 
integrated mineralogical, magnetic methods can be used to 
obtain quantitative estimates of past climate, especially rain-
fall, changes, through both time and space. 
About 6000 years ago, a new type of burial ceremony— 
erecting of a soil hill over a grave pit—appeared among steppe 
the tribes of the Eneolith epoch. Such archaeological monu-
ments, known in Russian scientific literature as khourgans, are 
typical attributes of the southern Russian steppe landscape. 
Some burial complexes consist of several dozens or over 
hundreds of barrows, created within the Bronze Age (IV—II 
millennia B.C.), the Early Iron Age (I millennia B.C. - 4th 
century A.D.) and the early and developed stages of the 
Middle Ages (5th—14th centuries A.D.). Due to the well estab-
lished chronological sequence of archaeological cultures it is 
possible to define the time of creation of the barrows quite 
precisely (from 200-300 to less then 50 years). 
Understanding of palaeoclimate requires interdisciplinary 
work combining mineralogical, magnetic, pedological, mic-
robiological and archaeological data. In this study, quanti-
tative estimates of palaeoclimate changes through Holocene 
time were developed from analysis of the modern soil se-
quences, archaeologically buried soils. Soils can "record" 
information on solid phase mineral and retain this informa-
tion in situ upon burial. Soil minerals are conservative part of 
soils, but furthermore they reflect the stage of soil develop-
ment and the landscape-climatic situation at the moment of 
construction of the archaeological monument. Based on our 
previous work, we consider as most important the magnetic 
and mineralogical properties of the palaeosols, their humus 
content in the upper soil horizon, the depth of easily soluble 
salts, carbonates and their clay mineralogy. 
Most recently, use of soil magnetite content as the basis 
of a quantitative climofunction (of rainfall) has been estab-
lished for the area of the Russian steppe (Maher et al., 2002, 
2 0 0 3 ; A l e k s e e v et al . , 2 0 0 3 ; Z a v a r z i n a e t a l . ; 2 0 0 3 ) . M a g n e t i c 
data, XRD, Mossbauer spectroscopy and analysis by electron 
microscopy show that the source of the enhanced magnetic 
susceptibility values in the Russian steppe soils is ultrafine-
grained magnetite-maghemite. There is a strong statistical cor-
relation between modern rainfall and the pedogenic magnetic 
susceptibility across the Russian steppe. This climofunction 
was then applied to the palaeosols of our study area to deter-
mine palaeorainfall. Hence, palaeorainfall can be calculated for 
each climate stage recorded in archaeologically buried soils. 
The rate of formation of secondary ferrimagnetic mine-
rals in soils is connected with the flux of Fe from primary 
Fe-bearing minerals. That is a function of the intensity and 
duration (time) of weathering. Once formed, Fe-oxides may 
be the subject to continual modification in an approach 
toward equilibrium with the changing soil environment. 
The investigation of sets of buried soils (a chronosequences 
spanning cca. 5000 years) from the steppe region does not 
confirm the fact that time is the main factor responsible for 
pedogenic enhancement of ferrimagnetic minerals concent-
ration. Duration of the weathering determines the total pool 
of iron released from silicates and involved into formation 
of soil Fe-oxides in the connection with climatic conditions. 
The obtained data allow to conclude that climate in the 
steppe soil belt of Eurasia over last 5000-6000 years had the 
cyclic character with alternation of humid and arid epochs of 
different degree and duration. 
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EVOLUTION OF CLAY MINERALOGY OF PALAEOSOLONETZS DURING LATE 
HOLOCENE 
A L E K S E E V A . T . V . . A L E K S E E V , A . 0 . , D E M K I N , V . 
Institute of Physicochemical and Biological Problems of Soil Science RAS [Институт физико-химических и биологических проблем 
почвоведения РАН], Pushchino, 142290, Russia 
E-mail: alekseeva@issp.serpukhov.su 
Burial mounds (earth or stone hills) which are known in 
the Russian literature as "khourgans" appeared across large 
areas of the Eurasian steppes about 5000 years ago. Usually 
the khourgans have been considered as objects of studies 
for archaeology, ethnography, or other humanities and con-
tain information about the culture of steppe inhabitants 
r during the Bronze (III—II millennia B.C.), Early Iron (be-
ginning I millennium B.C. - 4th century A.D.), and Middle 
Ages (5th—16th centuries A.D.). However, they also contain 
buried soils, which developed in ancient times and have 
been conserved in different degree of effectiveness by 
burial up to the present time. These buried soils reflect the 
state and changes of various components of the environ-
ment, in particular, climate, vegetation, and relief, in their 
profiles and thus can be used for the reconstruction of pa-
laeoenvironmental conditions. 
Two series of soils buried under khourgans from the 
desert-steppe area of Lower Volga were studied. The modern 
soil cover is characterised by complexity which is deter-
mined by surface microtopography. Soil complexes , include 
chestnut soils and solonetzs. Solonetzs which occupy about 
40% of the territory are confined to flat micro elevations 
whereas light chestnut soils and meadow chestnut soils—to 
slopes and depressions respectively. Soil series consisted 
from modern and buried light chestnut soils with different 
degree of salinity and solonetzs of the following ages: IV—III 
millennia B.C. (5000 years ago), 19th—17th centuries B.C. 
(3800 ya), 4th century A.D. (1600 ya) and 13th-14th 
centuries A.D. (600 ya) ("Abganerovo" set) and III—II 
millennia B.C. (4000 years ago), 15th-14th centuries B.C. 
(3500 ya), 2nd-3rd centuries A.D. (1700 ya) and 13th-14th 
centuries A.D. (600 ya) ("Malyaevka" set). The series of 
soils were examined by: soil chemical properties, clay 
mineralogy (X-ray diffraction and Mossbauer spectroscopy) 
and a range of magnetic measurements. 
Recently a strong statistical correlation between modern 
rainfall and the pedogenic magnetic susceptibility across the 
Russian steppe has been obtained (Alekseev et al., 2003; 
Maher et al., 2003) and a quantitative climofunction (of rain-
fall) has been established. This climofunction was applied to 
studied palaeosols for quantitative reconstructions of rainfall 
variations for Late Holocene. The obtained data allow to 
conclude that climate on the territory under investigation 
over last 5000 years had the cyclic character with the alterna-
tion of humid and arid epochs of different degree and dura-
tion. The annual precipitation changed within 330-440 mm 
with the most arid 2nd-3rd centuries A.D. and the most 
humid 13th-14th centuries A.D. Solonetzs appeared on the 
territory under study 4000-5000 years ago and since that 
time they underwent considerable changes. Obtained data 
show that diagenetic transformations which take place in the 
profile of buried soils don't allow to use the diagnostic pro-
perties of solonetzs such as profile distribution of pH, humic 
substances and exchangeable cations for the reconstructions 
of palaeoenvironment It was shown that the most sensible 
and reliable indicators of solonetz process are the morpho-
logy of B horizon, textural differentiation of the profile and 
its clay mineralogy. The evolution of solonetzs resulted in 
the increasing of coefficient of contrast from 2 to 5 (this is 
expressed as a ratio of clay content in B horizon against A 
horizon). Clay illuviation was accompanied by the de-
creasing of smectite content in A horizon from 50-60% till 
10%. Clay fraction from a top horizon of modern and buried 
solonetzs contains visible quantity of fine dispersed quartz. 
The mineralogy of B horizon is close to that of parent mate-
rial. The presence of chlorite in the 30 cm upper layer of 
solonetzs buried before 14th century A.D. testifies the exis-
tence of rather mild weathering conditions. The climatic opti-
mum of the Middle Ages (the period from the 12th to the 
14th century) lead to the remarkable changes of solonetz 
properties such as double increasing of clay content and 
specific surface area of A horizon, destruction of smectites in 
B horizon, and destruction of chlorites in both A- and B 
horizons. Additional to morphological characteristics on the 
base of which this soil profile was attributed to residual solo-
netz is the high content of fine dispersed quartz in the clay 
fraction of A horizon. The restoration of solonetz characteris-
tics including the textural and mineralogical differentiation 
took less that 600 years. Modern solonetzs are characterised by 
the decreasing of exchangeable Na and they in a comparison 
with buried soils can be regarded as Mg-solonetzs. 
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BASIC CHARACTERISATION OF BENTONITE FROM LIESKOVEC, CENTRAL SLOVAKIA 
ANDREJKOVICOVA. S..' HRACHOVA, J.,1 MADEJOVA, J.,1 KOMADEL, P.,' GALKO, I.2 
1 Institute of Inorganic Chemistry SAS [Ustav anorganickej chemie SAV], Dubravska cesta 9, Bratislava, 84503, Slovakia 
2 Envigeo, KyncePova 2, Banska Bystrica, 97411, Slovakia 
E-mail: uachslav@savba.sk 
The aim of this work is the characterisation of mineralo-
gical and chemical composition of bentonite from the Lies-
kovec deposit. Thirty samples (L1-L30) were systematically 
selected from various parts of the deposit and analysed by X-
ray powder diffraction analysis (XRD), infrared spectroscopy 
(IR), Mossbauer spectroscopy (MS), chemical and thermal 
analyses to identify the minerals present and to characterise 
the chemical composition of smectites. Cation exchange capa-
city (CEC) values provided information on the negative layer 
charge. The water vapour-sorption data at different relative 
humidities and the effect of soda ash treatment on sedimenta-
tion volumes were measured. 
XRD patterns show that the dominant mineral present in 
all samples is a dioctahedral smectite. The impurities include: 
kaolinite and quartz in all samples and orthoclase, muscovite, 
pyrite and calcite in some samples. 
OH stretching vibrations near 3620 cm"1, complex S i -0 
stretching band centered at 1035 cm"1, A1A10H bending 
vibrations at 913 cm"1, AlFeOH bending vibrations at 875 
cm"1 and Al-O-Si deformation band at 531 cm"1 in the IR 
spectra indicate that a Fe-montmorillonite is the dominant 
mineral in this bentonite. Typical vibrations of kaolinite (the 
most intense band at 3690 cm"1) and quartz (doublet at 800 
and 780 cm"1) confirm admixtures of these minerals in all the 
samples. Carbonates (band near 1440 cm"1) were identified 
only in L22 and L24. 
Preliminary results of MS show Fe(II) content below 5% 
of total Fe in bentonite and less than 10% of total Fe bound 
in Fe-oxohydroxides. This means that substantial amount of 
iron is bound in the layers of montmorillonite. 
Sedimentation volumes for samples treated with soda ash 
are clearly higher than those obtained for untreated samples, 
however, they are lower than those obtained for soda activated 
Al-rich montmorillonite from Jelsovy Potok (Slovakia). 
These experimental results confirm that bentonite from 
the Lieskovec deposit is a clay containing Fe-montmorillo-
nite (> 40%), other minerals present may include different 
amounts of kaolinite, quartz, orthoclase, muscovite, pyrite, 
carbonates and/or Fe-oxohydroxides, depending on the sampl-
ing location in the deposit. The montmorillonite contains 
substantially more iron in comparison with montmorillonites 
from other Slovak deposits. Soda activation improves rheolo-
gical properties of the material. 
Wavenumbers I cm'1 
Fig. 1: IR spectra of less than 2 (im fractions of the samples L4, 
LI 1, L21 and L22 
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FACTORS AFFECTING THE REACTION PROGRESS OF PHYLLOSILICATES IN 
LOW-TEMPERATURE METAMORPHIC CONDITIONS 
ÁRKAI, P. 
Laboratory for Geochemical Research HAS [MTA Geokémiai Kutatólaboratórium], Budaörsi út 45., Budapest, 1112, Hungary 
E-mail: arkai@geochem.hu 
Certain phyllosilicate parameters such as the calibrated 
full width at half maximum (FWHM) values of the X-ray 
powder diffractometric (XRPD) basal reflections of illite-
muscovite and chlorite have been widely and successfully 
used for determining diagenetic and metamorphic zones of 
rocks devoid of diagnostic or metamorphic facies-indicating 
minerals or mineral assemblages. These empirical parameters 
express the stage that was reached by a series of inequi-
librium type structural and chemical transformations of clay 
minerals, i.e. the stage in inequilibrium processes called reac-
tion progress. 
Integrated XRPD, TEM, EMP, AEM, FTIR and other 
studies demonstrated that regular changes in proportion of 
swelling interstratifications (especially at lower grades), 
increase of mean crystallite thickness, change in shape of 
crystallite thickness distribution, and decrease of mean lattice 
strain (especially at higher grades) control these FWHM 
values formerly called "crystallinity" indices. 
Temperature is generally regarded as the main, decisive 
factor that determines the reaction progress of phyllosilicates. 
In spite of this, "crystallinity" indices could never be used as 
geothermometers, and efforts aiming at the quantitative, 
overall valid correlations of these indices with other indi-
cators of metamorphic grade (coal rank, mineral facies, etc.) 
failed because of 
a) the inequilibrium nature of the reaction progress 
of phyllosilicates, and because 
b) there are numerous additional factors that may influ-
ence considerably the processes mentioned above. 
Some of these additional factors are: lithology, chemist-
ries of bulk rocks and fluids, porosity and permeability of 
rocks, mineral chemistry, and various types of pressure (li-
thostatic, fluid, tectonic deviatoric) and strain, as well as the 
time derivatives of these factors (kinetic parameters). 
At present, data and conclusions available in the literature 
on the effects of these factors are in part sporadic, and—to a 
great extent—controversial. This can be explained mostly by 
the fact that various, often extremely differing combinations 
of these factors may act in natural systems in function of 
geotectonic settings. Thus, additive or subtractive (extinc-
tive) interrelations of these factors may result in strongly 
differing apparent diagenetic-metamorphic grades. 
The lecture presents selected examples of case studies 
carried out with contributions of many colleagues from the 
Alpine and Carpatho-Pannonian regions in the past several 
years. 
The effects of lithology and bulk rock chemistry on phyl-
losilicate assemblages, dioctahedral white mica and chlorite 
chemistries and "crystallinity" indices are discussed using 
characteristic formations from the Helvetic domain of the 
Swiss Central Alps, the Graz and Sausal Palaeozoic of the 
Upper Austroalpine Nappe System, Eastern Alps, the Palaeo-
zoic of the Transdanubian Central Range and the Mesozoic 
of the Meliata unit (Western Carpathians). 
Contrasting effects of tectonic shear strain on phyllo-
silicate characteristics in thin-skinned compressional settings 
are demonstrated by profiles cross-cutting the main nappe 
boundaries of the Helvetic domain, by profiles representing 
meso- (outcrop-) scale tight folds (Helvetic domain) and 
post-peak metamorphic mylonitisation in the Btikk Moun-
tains (NE Hungary). 
The effects of post-diagenetic fracturing on clay mineral 
behaviours are demonstrated on the example of a thick, 
monotonous albitic claystone formation from the Mecsek 
Mountains, Southern Hungary, which was selected for dis-
posal of high-level radioactive wastes. 
For complex interactions of the various factors could be 
proved in most of the investigated geological objects, only 
multi-methodological approach using petrographic (micro-
structural) observations, clay mineralogy, phyllosilicate 
"crystallinity" indices and organic maturity data may provide 
realistic results for petrogenetic interpretations. 
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SMECTITES IN VESICLES OF THE ALKALI BASALTS FROM LOWER SILESIA, NW 
POLAND 
AUGUST, C. 
Institute of Geological Sciences, Wroclaw University [Instytut Nauk Geologycznyh, Uniwersytet Wroclawski], pi. M. Borna 9, Wroclaw, 
50 204, Poland 
E-mail: august@ing.uni.wroc.pl 
Alkali basaltic rocks from Lower Silesia (SW Poland) re-
present the eastern part of the Central European Cainozoic 
Volcanic Province. These volcanic rocks occur as lava flows, 
veins and necks, weathered and eroded for the most part. 
Nephelinites, basanites, tephrites and olivine basalts are most 
wide-spread. 
Post-magmatic clay, zeolite and carbonate mineralisation 
is common and not preferably related to any of these rock 
types. The hydrothermal mineral associations crystallised in 
vesicles and other irregular cavities. Though generally no 
regular pattern is found in the spatial distribution of the 
mineralised zones, a stronger concentration of miaroles is ob-
served near the top of lava covers, in particular the brecciated 
ones. Clay and zeolite mineralisation is very rare in the vol-
canic necks. There, the miaroles are mainly filled with cal-
cite, aragonite and dolomite. 
Clay minerals are represented only by smectites which 
occur in two generations in the miaroles: 1) trioctahedral 
saponite found on the surface of the miaroles and forming the 
base for zeolites, and 2) dioctahedral Mg-Fe-montmorillonite 
formed after the zeolites. The third smectite generation 
(a poorly crystalline dioctahedral Fe-smectite) is a beige to 
light pink mineral filling cavities and fissures in volcanic 
breccias. 
The distribution and crystal chemistry of the post-mag-
matic mineral associations in the miaroles indicate that these 
minerals formed due to various post-magmatic hydrothermal 
processes. Saponite, Mg-Fe-montmorillonite and zeolites 
crystallised from solutions enriched in Mg, Fe, Ca, Na, and 
K originated from magma degassing during the final stage of 
lava cooling. The smectite found in volcanic breccias formed 
in a different process, probably linked with the decomposi-
tion of lepidomelane by low-temperature hydrothermal solu-
tions rich in Si, Fe and Al, with minor Ca and K, partly of 
meteoric origin, penetrating the breccias. 
The observed crystallisation sequence of the smectites 
and various zeolite species reflects changing temperature and 
composition of hydrothermal fluids in the miaroles. The 
smectites and zeolites stability diagrams show that Mg,Ca 
members of the mineral association crystallise at relatively 
high pH, high Si-Al and N a - K ratios, and high temperatures 
whereas at lower values of these parameters (but still rela-
tively high Na-K ratio) crystallisation of Na zeolite is stimu-
lated in hydrothermal solutions. 
Table 1: Chemical composition of hydrothermal smectites in basaltoids from Lower Silesia, N W Poland 
Component Trioctahedral smectite Dioctahedral smectite 
S i0 2 44.41 56.89 50.34 47.62 51.34 50.97 47.84 45.39 
A1203 19.41 18.02 8.53 6.43 28.84 19.40 24.76 23.50 
MgO 21.43 10.90 22.10 21.78 3.78 5.78 6.27 5.23 
Fe 10t 2.17 3.42 5.58 6.34 2.18 5.84 9.53 10.35 
CaO 1.48 1.76 1.84 1.99 1.69 2.55 2.22 2.34 
K 2 0 0.07 0.66 0.15 0.23 0.43 0.65 0.69 0.48 
N a 2 0 0.03 0.01 0.12 0.12 0.49 0.59 0.93 0.99 
T i0 2 - 0.09 0.02 0.02 0.02 0.13 0.20 
MnO 0.22 0.02 0.06 0.02 0.02 0.05 0.17 0.14 
Total 89.22 91.68 89.61 84.55 88.79 85.85 92.54 88.62 
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The Lake Pannon was a large, long-lived, brackish lake 
that occupied the Pannonian Basin during the Late Miocene. 
Magnetite was believed to be the typical magnetic mineral in 
the sediments of Lake Pannon, including its fine-grained 
beds. We observed, however, that the intensity of the magne-
tisation was very varied in the fine-grained sediments, which 
raised the question whether these sediments contain magne-
tite in different quantities or the difference is due to different 
magnetic minerals. 
The first investigation indicated, that in some of the strong-
ly magnetic sediments of Lake Pannon the carrier of the 
magnetic remanence was probably greigite. Since greigite is of 
diagenetic origin, i.e. definitely not coeval with the deposition 
of the sediment, its identification in a sediment is important 
from the viewpoint of palaeomagnetic or even more of magne-
tostratigraphic interpretation of the palaeomagnetic signal. 
Greigite can be identified by mineralogical methods. These 
methods need material separated from the sediment. However, 
separation is difficult, due to the small grain size, low quantity 
and the instability of the greigite. An alternative method is the 
magnetic. There is a series of magnetic mineralogical experi-
ments which eventually lead to the identification of greigite. 
The methods are not destructive and although the process is 
time-consuming, the result is reliable, even if greigite is less 
than 0.01% of the mass. 
With the magnetic method we were able to show that 
greigite is more common in the fine-grained sediments of 
Lake Pannon that magnetite. Surprisingly, the palaeomagne-
tic signal connected to greigite more often yielded statisti-
cally well defined mean direction than the one connected to 
magnetite. One possible explanation of this phenomenon is 
that magnetite, contrary to general opinion, can be of secon-
dary origin in some sediments. 
Fig. 1: Magnetic minerals occurrences in 
the Pannonian Basin. The full symbols 
show places where the palaeomagnetic 
signal is good, the hollow symbols show 
places where it is bad. 
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Soil clays, particularly expansible phases such as smec-
tite and vermiculite, are very sensitive to the environment 
in which they occur and to any changes which occur to that 
environment. Because of the nature of the interlayer region, 
hydroxy-interlayered vermiculite and smectite are highly 
variable and changes in environmental conditions can be 
reflected in the degree of interlayer filling and in the rela-
tive stability of the interlayer components. The degree of 
interlayering in these phases is pH-dependent (Bain et al., 
1990) and lowering of the soil pH by acid precipitation or 
change of land-use such as planting of trees on former 
arable land can result in the interlayer material being re-
moved from hydroxy-interlayered phases. Modifications to 
hydroxy-interlayered clays are easily detected by conven-
tional X-ray diffraction (XRD) techniques but more sophis-
ticated XRD peak analyse routines are needed to detect 
more subtle changes in soil clay mineralogy. Application of 
such techniques to soils has shown that soil clays are dyna-
mic systems which can change in quite short periods of time, 
as little as 30 years. Some examples of such changes will be 
presented. 
-Two weathering trends were established in a series of 
three brown forest soils in close proximity but under dif-
ferent land-uses in Scotland (Bain and Griffen, 2002): (1) an 
increasing proportion of vermiculite in interstratified mica-
vermiculite in the upper horizons of the arable and forested 
soils; (2) formation of high charge corrensite by weathering 
of chlorite in all three profiles but least pronounced in the 
arable soil. The differences in clay mineralogy amongst the 
profiles are minor, but these two different weathering trends 
may be due to the effects of different land-use. 
Research using methods to decompose XRD patterns of 
soil clay fractions from soils taken between 1913 and 1996 
from agricultural experimental plots in the USA suggests that 
there is a significant influence of cropping method on the soil 
clays (Velde and Peck, 2002). Little change in clay minera-
logy was seen in the rotation plot but there was a significant 
loss of illitic material from different phases for the plots 
with continuous corn cultivation. Use of NPK fertiliser 
since 1955 appears to have restored the clay mineralogy for 
the soils in continuous cropping compared to that for the 
1913 samples. 
Loss of K-bearing clay minerals such as discrete illite and 
interstratified mica layers and an increase in the formation of 
chlorite have been recorded in clayey red soils in flood irri-
gated Chinese rice paddies cultivated for 3, 10, 15, 30 and 80 
years (Li et al., 2003). These changes occur over 30 years or 
less, a rather rapid, irreversible transformation of soil clay 
minerals. 
In a chronosequence of poldered sediments in France, the 
natural mineral suite of kaolinite, mica, illite and two disorder-
ed illite-smectite phases have changed gradually but signi-
ficantly over time under the influence of pasture development 
to a more smectitic clay assemblage (Velde et al., 2003). 
These examples indicate that clay minerals in soils are 
dynamic systems that are affected by changes to their envi-
ronment. Some changes to the clays are reversible but other 
changes can be irreversible. 
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Clay minerals and zeolites modified with quaternary alkyl-
ammonium cations are frequently studied because of their 
potential application as environmental remediation materials. 
Some of these sorbents obtained using hexadecyltrimethyl-
ammonium bromide were shown to have the ability to remove 
Cr(VI) from aqueous solution. The aim of the presented work 
is to compare the chromate sorption capacity of selected mine-
rals modified with hexadecyltrimethylammonium (C^) and 
dioctadecyldimethylammonium (2C ]8) surfactants. 
In this study, clinoptilolite (CI) from Dylqgowka and 
montmorillonite (M) from Chmielnik (both localities in 
Poland) were used as starting materials. Their CECs deter-
mined by adsorption of alkylammonium ions are 16 and 95 
meq/lOOg, respectively. The minerals were treated with C]6 
and 2Ci8 bromides in the amounts of 1.0 and 1.5 CEC. The 
products were characterised by IR spectroscopy, XRD as 
well as C and N determinations. 
The sorption of chromate on the modified minerals was 
measured spectrophotometrically as a function of pH and con-
centration of Cr(VI) at the sorbent-solution ratio 20 g/dm3. 
The amount of chromate removed from the solution gradually 
decreased with pH increasing in the range 1.3-10. At pH 2.6-
3.1, the maximum sorption of Cr(VI) by the organo-zeolites 
(103-124 mmol/kg) was observed for the samples Cl-C|6-1.5 
and CI—2Cig—1.5 (Fig. 1) modified using 1.5 CEC concent-
ration of Ci6 and 2C i 8 surfactants. Considerably lower values 
(37-46 mmol/kg) have been obtained in the case of the sor-
bents prepared at 1.0 CEC concentration of the alkylammo-
nium ions (Cl-C16-1.0 and C1-2C|8-1.0). Similar relationship 
has been found for the organo-montmorillonites (samples M-
C16-I.O, M-C,6-1.5, M-2Cis-1.0 and M-2C l g-1.5) (Fig. 1), 
however, the maximum uptake of chromate (155-281 
mmol/kg) was significantly higher in comparison with that 
observed for the organo-zeolites. At low concentrations of 
Cr(VI) (0-2 mmol/dm3), its amount removed from the solution 
does not depend on the size of the alkylammonium ions bound 
to the mineral surface. In contrast, for more concentrated solu-
tions the sorbents prepared using C,6 surfactant show, as a 
rule, higher sorption capacity towards chromate than that ob-
tained with 2C] 8 salt. 
Acknowledgements 
This work was supported by the AGH University of Science 
and Technology (Krakow, Poland), the research project 11-
11-140-158. 
www. sei. u-szeged. hu/asvanytar>/acta. htm 11 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
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Clayey limestones in the Upper Albian shallow-marine 
carbonate sequences from Tinjan area in Istria (Croatia) were 
investigated. Two layers of clayey limestone (70-90wt% of 
calcite) overlay the sequences containing carbonate breccias, 
interlaminated pelsparites-ostracodal micrites and cyanobacte-
rial limestones as well as "quartz diagenetic sediments" (Baru-
dzija, 2003). Insoluble residues of clayey limestones predomi-
nantly contain illite and/or mixed layer illite-smectite domi-
nated by illite layers, illite-smectite with higher amount of 
smectite layers than previous and randomly interstratified 
minerals. Some of other phyllosilicates, probably smectites, 
are also present. Insoluble residues also contain quartz ( 10 -
20wt%), feldspars (up to 5wt%) and amorphous material. 
Since the appearance of the layers with clayey limestones in 
Upper Albian sequences in Istria is closely connected with the 
appearance of "quartz diagenetic sediments" (Durn et al., 
2003), this mineral assemblage can be indicative of the origin 
of their parent material. 
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Artist's pigments identified in colour layers of paintings 
are traditionally considered to be relevant for approximate 
dating based on literary evidence of exploitation, industrial 
production and use of different types of pigments in the 
history. Problems appear in older paintings, where written 
references are poor or missing and where, on the other hand, 
just the pigment presence is the only reliable evidence of its 
preparation and using in the fine art. This inconvenience 
together with difficulties caused by small size and heteroge-
neity of painting fragments, imprecise and frequently even 
incorrect interpretations of mineral assemblages in colour 
layers, caused that artistic styles are the only widely accepted 
headings of painting authenticity. Materials and. technical 
features are underestimated—they are objective, but difficult 
to obtain and compare, especially because fragments with 
size less than 1 mm are available and only non-destructive 
techniques preserving sample stratigraphy are allowed to be 
used. Within this work we show the relation between che-
mical and mineralogical composition of clay pigments and 
their provenance. Additionally, the technology of pigment 
preparation from raiw materials can be detected. 
We have introduced powder X-ray microdiffraction as mo-
dern analytical tool suitable for the direct phase analysis of 
pigments from 0.1 mm spots on fragments of paintings. The 
method extends possibilities of traditional tools, optical and 
electron microscopy (SEM-EDX). X-ray microdiffraction is 
performed with common X-ray tube and monocapillary pro-
ducing a quasiparallel beam combined with a sensitive-fast 
solid-state detector that enable diffractogram acquisition in 
less than 1 day in spite of so small sample size. 
Phase analysis is unique for identification of earthy pig-
ments, very common but diagnostically underestimated ar-
tists' materials. Earthy pigments containing clay minerals are 
of different colours: white, yellow, brown, red, green. We 
have found that mineral green earths found in paintings as 
distinct green or bluish green grains, simply called "celado-
nites", can have variable crystallochemical and phase compo-
sition. In some Bohemian wall paintings (Prague, Plasy) 
these grains are in fact chlorites. In Baroque paintings of A. 
Kern, celadonites with unusual crystallochemical composi-
tion could indicate that the author preferred one, probably 
unique material from a definite regional source. In earthy 
green-yellow layers, Fe-smectites are probably more com-
mon than it has commonly been expected; we identified 
green smectites as the main component of traditional Bohem-
ian green earth from Kadan and in currently commercially 
available "Veronese" green earth. 
Fatty red clay applied in Gothic paintings as adhesive 
ground for gilding ("poliment") was originally called "bole". 
The term was then extended to all red or yellow earthy 
grounds of various composition and origin. In fact, not all thin 
red grounds for gilding contain clays. In fragments of poly-
chrome wooden funeral insignias of Czech kings from tombs 
in the Prague Castle, pure hematite red was used to give warm 
colour and the adhesive component should therefore be a pro-
tein binder, not clay. In Baroque bole grounds of paintings, 
direct phase analysis distinguished among materials of typical 
lateritic composition (kaolinite, hematite, anatase) and other 
low valuable boles with smectites and illites or, eventually, 
poorly crystalline goethite and jarosite. Additionally, further 
signs, revealed by combination of microanalytical methods, 
indicate that artists calcined or mixed materials of different 
origin. Because clay minerals are very sensitive indicators of 
natural processes, they bear unique signs of their regional 
orgin, and therefore they are extremely valuable for materials 
research of art works. 
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Thermal behaviour of clays mirrors phase composition 
and structure. In multicomponent clay mineral mixtures, their 
dehydration and further transformation could be used as one 
of the fundamental diagnostic features reflecting structure 
and mineralogy. The interlayer space in expandable struc-
tures sensitively reflects temperature and humidity varia-
tions. The influence of the temperature on sorption and ion 
exchange processes on clays is discussed, for example, when 
evaluating clay barriers in the radioactive waste disposal. 
Dynamic behaviour of the interlayer space is not possible to 
monitor by conventional powder diffraction measurements of 
preheated samples, also because of full or partial reversibility 
of the process up to 300°C. 
The powder diffraction measurements were performed in 
high-temperature XRD cell (Anton Paar HTK 16) with thin 
layers of samples deposited as methanol or water suspension 
of wet samples with diffractometer PANalytical X'Pert PRO, 
CoKa (30 kV, 45 mA) and X'Celerator detector. For identifi-
cation of dehydration of clay minerals we performed thermal 
scan with step of 5°C starting from ambient temperature up 
to 300°C. At each step we measured one diffractogram in the 
angular range from 4 to 40° 20 and examined the develop-
ment of positions and integral intensities of basal reflections 
of expandable structures during the sample heating. 
We have measured reference clay minerals, natural ben-
tonites and sedimentary clays. In the example of smectite 
from Brodce dehydration of interlayer space occupied by dif-
ferent cations is compared. In all cases a continual reduction 
of the interlayer results in movement of the 001 diffraction 
towards d ~ 10 A . Differences are in the final temperature 
and mechanism of dehydration. Ca-Mg smectite contains 
water in two molecular layers and therefore intermediate 
single-layer structure is clearly visible at d = 12 A. When 
comparing monovalent cations, Na-interlayers dehydrate 
much easier than Li-interlayers; it could be explained by 
higher density of surface charge of Li' . 
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Fig. 1: Comparison of basal 001 diffractions during 
dehydration of different ionic forms of smectite. 
Diffractograms were obtained with temperature 
steps of 5°C in the range 25-300°C 
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Tertiary sedimentary basin in the eastern foreland of 
Doupovske Mts. volcanic structure in NW Bohemia is rich in 
industrial clay deposits of economic importance. Kaolins, 
generally considered as products of intense chemical wea-
thering of crystalline basement, are superimposed by volca-
no-sedimentary strata with argillised tuffs and bentonites 
closely connected with the beginning of volcanic activity in 
the Neogene. Argillisation of iron-rich tuffs with biotite and 
other mafic minerals led to formation of ferruginous smec-
tites of yellowish or greenish colours. Beside their recent use 
as foundry bentonites, those of olive-green colour were also 
utilised as traditional mineral pigments. Their crystalline 
structure is difficult to describe—in older literature, foundry 
bentonites from the Rokle deposit are classified as "Ca-Mg 
montmorillonites of the Cheto type", green earth mined near 
Brodce and Uhost'any as "celadonite". Iron is a troublesome 
element even in some kaolins. When the kaolin which has 
been mined from the Merkur II deposit near Kadan has been 
left to dry in air, its colour locally changed to yellow and 
brown because of corrosion of small siderite nodules macro-
scopically invisible in primary material. A question of the 
origin of iron and carbon in siderite could also help to under-
stand conditions of kaolinisation and post-kaolinisation and 
their eventual relation to the volcanic activity in the region. 
We have used powder X-ray diffraction and microdiffrac-
tion, FTIR, diffuse reflectance spectroscopy in UV-VIS-NIR 
region (DRS) and voltametry to describe clay minerals with a 
particular focus on the forms of iron in samples from Rokle 
(bentonite and kaolin), Brodce (argillised tuffs and green 
earth), and Merkur II quarry (kaolin). 
The clay fraction from Rokle and Brodce raw materials 
was separated by sedimentation in distilled water and the 
dominant content of smectites was proved by XRD. Homo-
ionic clays were then prepared by ion exchange with NaCl and 
LiCl solutions, respectively. Migration of Li+ ions into the 
structure (the Greene-Kelly test) was monitored by FTIR and 
re-expansion testing with ethylene glycol. As a result, smec-
tites from both localities should not be classified as montmoril-
lonites because of higher tetrahedral charge blocking the Li+ 
migration and higher iron content in the octahedral sheet. Fe-
smectite from Rokle is a final product of weathering sequence 
biotite-vermiculite-smectite. The parent material of green earth 
from Brodce was evidently different; beside biotite, titanomag-
netite, and pseudomorphs after augite occurred in the fresh 
rock. The Fe-smectite contains more trivalent iron with struc-
ture closer to nontronite, divalent iron indicated by DRS, and 
magnesium. The step-scan of non-basal 060 diffractions region 
also clearly showed the presence of trioctahedral saponite-like 
structures. The presence of celadonite was not proved. 
The origin of iron in some kaolins is different. In Rokle 
kaolin deposit, siderite nodules are missing, and only secon-
dary hematite contamination occurs. In Merkur II quarry, 
siderite nodules contain Mg-rich siderite surrounding altered 
biotite fragments, which is the probable source of both iron 
and magnesium. The carbon in siderite is of a juvenile origin. 
Removal of divalent iron under reductive conditions of kaoli-
nisation is therefore probably stopped in contact with hydro-
thermal CCVbearing waters. We have clearly documented 
the hydrothermal activity by the presence of unusual inter-
stratified clay structures in studied kaolin samples. Original 
muscovite is transformed not only to illite and/or kaolinite by 
the process of normal chemical weathering, but also to ex-
pandable structures, only partly hydrated in their natural 
state. This is exfoliated mica rather than smectite. It is fully 
expandable with ethylene glycol and, interstratified with 
unaltered mica, gives a superstructural diffraction at 
d = 27.0 Â typical for R1 rectorite. Alteration is more intense 
in the bottom of the deposit, that also supports the hypothesis 
about the influence of tempered mineralised waters. 
These results open the fundamental question of possible 
simultaneous course of volcanic activity in the region already 
during kaolinisation of crystalline bedrock elevations. Des-
cription of clay structures and mineralogical and structural 
forms of iron can be very useful in solving this question. 
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The healthy growth of trees depends on the nutrient supply 
of the forest resources. There is no fertilisation in the different 
types of the Hungarian forests, because of the economical and 
natural conservation reasons. In this case, the nutrient supply 
of the forests is dominantly based on the content and cycling 
of nutrients in soils. The amount of the nutrients is strongly 
connected with the mineralogical contents of parent materials 
and rate of the weathering processes. 
The purpose of this work is mineralogical and pedological 
studies of different types of soils from Iván and Sopron, West 
Hungary. After the descriptions and sampling of the soil pro-
files from the above mentioned sites, the chemical and physi-
cal characteristics of soils including pH-value (pHH,o, pHKci), 
acidity (YI, y2), CaC03-content, cation exchange capacity and 
exchangeable cations, particle size fractions, hygroscopic 
moisture content by Kuron, limit of plasticity by Arany, 
humus content, nitrogen content, AL-soluble K and P, as well 
as EDTA- and KCl-soluble nutrients. On the basis of stan-
dards, the mineralogical constituents were analysed by XRD 
using Náray-Szabó's and Péter Tiborné's methods and by 
derivatograph. 
Soils at both sampling sites have been shown very acid and 
clayey loam physical characters. In general, the parent material 
(Iván: fluviosediments from River Rába; Sopron: weathered 
rocks from the metamorphic formations and fluviosediments 
of the Alps) is close to surface in the soil profiles. 
Quartz plays an important role in the soil of site Iván, 
which corresponds to the strong weathering process in the 
regional geological settings. Moreover, in some cases, albite 
and microcline have been observed in specimens. Only one 
sample contains adularía, which probably was transported by 
seedlings. A little amount of muscovite was also presented in 
all of the samples. Anorthite was found in only two soil pro-
files. Illite, vermiculite, montmorillonite, chlorite and chamo-
site as sheet silicates were also identified in this area. 
The soil profiles of Sopron mainly contain quartz, musco-
vite and albite. Anorthite and microcline (on the metamor-
phic based profiles) appeared in a few profiles. Sanidine was 
also found in only one sample. Clinochlor, leuchtenbergite, 
pennine and amesite as chlorites were also observed in 
variable amounts in all soil profiles. 
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TG-MS ANALYSIS OF THE DESORPTION OF ORGANOCATIONS FROM SMECTITES. 
BREEN, C., CHARLESWORTH. C.. CLEGG, F. 
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E-mail: C.breen@shu.ac.uk 
The demonstrated improvements in mechanical and bar-
rier properties together with the increased thermal stability 
of clay-based nanocomposites has attracted considerable 
attention. 
Clay-based nanocomposites are attracting much attention 
because of the demonstrated improvement in mechanical and 
barrier properties, as well as thermal stability. The addition of 
only 5wt% organoclay in polypropylene raises the mechanical 
properties to those obtained when 30-60wt% of talc is added. 
This increase in property is accompanied by a decrease in 
component weight. An early drawback was a reduction in the 
time to ignition (TTI) in the nanocomposite compared with 
that for the virgin polymer which is now remedied by addition 
of low levels of conventional fire retardants. Even in the ab-
sence of conventional flame retardants the maximum in the 
heat release rate is significantly reduced. This marked im-
provement in the thermal stability of clay-based nanocom-
posites has resulted in a number of informative investigations 
into the thermal stability of the organoclay utilised in their 
production. 
Uptake curves for the adsorption of a selection of organo-
modifiers, some with vinyl end groups, have been determined 
together with X-ray diffraction data and variable temperature 
DRIFTS spectra. 
In particular we have used thermogravimetry-mass spect-
rometry (TG-MS) to identify the decomposition products 
arising from the thermal decomposition of the organoclays 
prepared at different loadings on cloisite-Na and other Na-
saturated smectities. 
In addition to linear alkanes and alkenes, a number of cyc-
lic and/or aromatic compounds were produced by the orga-
noclays. Moreover, the availability of the vinyl end groups is 
confirmed by the increased quantity of dienes, produced via 
the Hoffman elimination, present in the evolved gas stream. 
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The demonstrated improvements in mechanical and barrier 
properties together with the increased thermal stability of clay-
based nanocomposites has attracted considerable attention. For 
example, it has been shown that the addition of just 5wt% 
organoclay into polypropylene offers the same mechanical 
properties as the addition of 30-60wt% talc. Moreover, the 
overall thermal decomposition of the clay containing nano-
composite is enhanced. Unfortunately, the time to ignition 
(TTI) for the nanocomposite is often shorter than that of the 
virgin polymer but this can be remedied by the addition of 
conventional fire retardants at lower levels than those needed 
for the pristine polymer. This significant enhancement of the 
thermal stability of clay-based nanocomposites has led to a 
number of informative investigations into the thermal stability 
of the organoclay utilised in their production. 
To date there has been no systematic study designed to 
correlate the relationship between the length of the alkyl 
chain on the surface modifying surfactant, the layer charge 
on the clay and the composition of the octahedral sheet. Here 
we use thermogravimetry-mass spectrometry to identify the 
decomposition products arising from octyl-, decyl-, dodecyl-, 
tetradecyl- and hexadecylammonium ions exchanged onto four 
smectites of varying charge and composition. We have used 
two source clays; SAz-1 (a high charge smectite) and SWa-1 
(a ferruginous smectite) together with Jelsovy Potok (medium 
charge montmorillonite) and Stebno (iron-rich beidellite). 
In addition to linear alkanes and alkenes, a number of 
cyclic and aromatic compounds were produced by all the 
organoclays. The thermal decomposition of clay-organic 
complexes prepared using the shorter alkylammonium chains 
reached a maximum at lower temperature than those pre-
pared using the longer chain species. The temperature and 
quantities of different desorbing species exhibited an element 
of correlation with the iron content in the clay structure. 
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Polymer nanocomposites represent a radical alternative to 
conventional composite electrolytes. Of particular interest 
are Li salts dissolved in flexible polymers like polyethylene 
oxide (PEO). A serious drawback in these systems is the pre-
cipitous decrease in conductivity at temperatures below the 
melting temperature, which is typically above room tempe-
rature. One of the most promising ways to improve the elect-
rochemical performance of polymer electrolytes is to form 
composite electrolytes by adding inorganic fillers. 
Intercalation of PEO in layered hosts and in particular in 
layered silicates has been studied extensively. Based mostly on 
X-ray diffraction studies, there are two models: 1. The PEO 
adopts a helical structure inside the host galleries. The ex-
changeable cations reside inside the helix and are coordinated 
to the oxygen atoms of PEO. 2. The PEO chains are organised 
in an extended, all-trans bilayer parallel to the silicate surface. 
The effect of layer charge on the intercalation of poly-
ethylene oxide (PEO) was investigated using a series of 
reduced-charge montmorillonites and smectites with varying 
layer charge (fluorohectorite, saponite, three montmorillonite 
samples, nontronite and iron-rich beidellite). 
Nanocomposites were prepared by solution or melt inter-
calation and using PEO of various molecular weights. 
Melt or solution intercalation of PEO into layered silicates 
leads to essentially identical structure in the nanocomposite. 
The amount of intercalated polymer initially increases with 
layer charge but then decreases. In contrast the amount of 
water present after PEO adsorption continuously increases 
with layer charge. This is water mostly coordinated with the 
gallery cations. When PEO is intercalated it replaces water 
molecules filling the space between the hydrated exchangeable 
cations. No direct association between exchangeable cations 
and PEO oxygen atoms takes place. The amount of polymer 
adsorbed is controlled by the layer charge density, i.e. the sur-
face area covered by the hydrated cations vs. surface covered 
by weakly adsorbed water. Molecular simulations confirm the 
experiments and show that the polymer oxygen atoms do not 
directly associate with the exchangeable cations, which are 
mostly coordinated to water molecules and surface oxygens 
atoms. The trends observed in this study may be applied to the 
intercalation-adsorption of layered silicates with other poly-
mers or organic compounds. 
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Layer charge of smectites is of economic and geologic 
importance, because it strongly affects significant smectite 
properties such as swelling, cation exchange capacity and ion 
exchange selectivity. Although the inhomogeneity of smectite 
layer charge is well documented, the significance of layer 
charge distribution on important physical properties of smec-
tites has not been studied in detail. In this contribution we pre-
sent preliminary data on the influence of layer charge distribu-
tion of 23 well characterised smectites, having variable layer 
charge and charge distribution, on important rheological and 
swelling properties of smectites. Determination of the layer 
charge and charge distribution of smectites was obtained using 
the LayerCharge program (Christidis and Eberl, 2003). The 
program compares XRD traces of K-saturated, ethylene glycol 
solvated smectites with computer simulated XRD traces 
calculated for three-component interlayering. Determination of 
rheological properties was carried out using a 35S Fann Visco-
meter according to API specifications (API 13A, 1993). Free 
swelling volumes were determined on Na-activated smectites 
according to Christidis and Scott (1996). 
The rheological properties (apparent viscosity, plastic 
viscosity, gel strength) and the swelling capacity are propor-
tional to the fraction of low charge (17 A) layers (Fig. 1) and 
inversely proportional to the fraction of high charge (10 A) 
layers in the smectites (not shown). Although, in general, 
smectites with low layer charge display superior physical 
properties, the total layer charge is not related systematically 
to any of the physical properties examined. Two quasilinear 
trends can be observed in the smectites studied (Fig. 1). One 
trend in each figure comprises high charge smectites with 
both tetrahedral and octahedral charge and the second trend 
contains low charge smectites and high charge smectites with 
predominately octahedral charge (Otay-type montmorillo-
nites). Both trends are characterised by scatter. The observed 
scattering is attributed to the variable tetrahedral charge of 
the smectites. Indeed, it is observed that with increasing bei-
dellitic component (i.e. increasing tetrahedral charge) both 
rheological and swelling properties shift to lower values and 
thus deteriorate (Fig. 1). 
A similar dual quasilinear trend is observed when other 
rheological or/and swelling properties of smectites are corre-
lated. These trends also show the influence of layer charge 
inhomogeneity on the rheological and swelling properties of 
smectites. It is suggested that rheological and swelling pro-
perties of smectites are controlled by the proportion of the 
low charge layers and the proportion of tetrahedral charge. 
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Within the oil industry, knowledge of the mineralogical 
composition of sandstone-based reservoir rocks is very im-
portant especially when complex multicomponent treatment 
fluids are applied to the reservoirs in order to enhance the oil 
extraction process (Borling et al., 1994). Other industrial 
areas interested in such analysis include: geophysics, const-
ruction, water industries and ceramics. Current bulk minera-
logical analysis relies heavily on X-ray diffraction (XRD) 
and tends to be supported by infrared spectroscopy, chemical 
analysis and electron microscopy (Srodori, 2002). Combi-
nation of these techniques is time consuming and expensive 
yet still only 3-5wt% accurate. 
Here, a Partial Least Squares Analysis (PLS) model 
created from Diffuse Reflectance Infrared Fourier Transform 
Spectroscopy (DRIFTS) spectra of mineral mixtures has been 
formulated and is able to quantify each mineral component in 
an independent mineral mixture within 1.0wt% accuracy. An 
improved method for obtaining highly reproducible DRIFTS 
spectra was used, which was essential for accurate quantifi-
cation within the PLS models. This methodology could also be 
applied to a variety of powdered samples including cements, 
soils, coals and minerals, which are also routinely analysed by 
DRIFTS (Kelvey and Britt, 1996). PLS is a multivariate statis-
tical technique based on the PLS algorithm that can be used to 
quantify analyte components in infrared spectra, without the 
use of the Beer-Lambert Law (or its Kubelka-Munk equiva-
lent for diffuse reflectance) (Beebe and Kowalski, 1987). This 
technique is especially appropriate when analysing complex 
multiple-component spectra, which contain many broad and 
overlapping bands. In essence the PLS algorithm examines 
regions of the spectra to determine which areas vary as a func-
tion of component concentration. 
The seven mineral standards used in the PLS model of 
mineral mixtures were chosen to represent those typically en-
countered in sandstone-type rocks: quartz, dolomite, mont-
morillonite, illite, kaolinite, chlorite and albite. The results 
obtained from applying the PLS model of mineral standard 
mixtures to several sandstone-type quarry rocks and a suite 
of reservoir rocks from various depths of an oilfield were 
much better than anticipated given that the model did not 
describe the total variance of mineral components crystalli-
nity expected in the rocks. The model was unable to diffe-
rentiate between montmorillonite and illite due to their 
similar spectra, but was able to quantify their combined 
amounts. However, it was able to quantify the amount of 
albite in the quarry rocks in the presence of K-feldspar even 
though their spectra were very similar. A separate PLS model 
constructed using the DRIFTS spectra of the reservoir rocks 
showed that calcite and dolomite could be individually quan-
tified despite their similar DRIFTS spectra. The model was 
also able to identify the type of clay present in the rock as 
montmorillonite and illite. 
This feasibility study clearly demonstrated the high poten-
tial of a quick, accurate alternative method of quantifying bulk 
mineralogy in a sandstone-type rock by applying PLS analysis 
to their DRIFTS spectra. Moreover, the potential to improve 
quantification could be achieved by extending the model to 
include larger numbers of standards and real samples with data 
that covers all the expected variance in the rocks. 
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On the margin of a shallow fluid basalt and basaltic an-
desite intrusion an interaction between the magma and the 
wet, loose host sediment may occur which may cause quen-
ching, chilling, or even a non-explosive fragmentation of 
the uplifting magma. The porosity of the loose sediment 
easily consumes the pressing energy of the moderately 
supplied magma columns and veins while arising bidirec-
tional transvaporisation drives away a part of the products 
of the reactions. The glass-rich autoclasts emplaced as int-
rusives are autochtonous. Their appearance is not bedded, 
and exceptionally their transition to the less altered central 
facies (coarse blocked andesite, breccias, chambers, etc.) of 
the magma body is also exposed. 
A basaltic tuff cone, called Lapos-Hegyestii (Tapolca 
Basalt Formation) is situated in the South Eastern part of the 
Kalla Basin (Transdanubia), near Kovagoors village. In quar-
ries on the slope of the Lapos-Hegyestii there are altered basal-
tic intrusions into the Upper Pannonian sedimentary basement 
(Kalla Gravel Formation) (Kozak et al., 1985). These altered 
intrusions of grey or yellow colour are steeply dipping, and 
contain halloysite formed by the alteration of the glassy 
basaltic rock. On the basis of thermoanalytical, X-ray and IR 
spectroscopic data it can be stated that these very rare, super-
genic beds are generated by the effect of the humic acid bear-
ing groundwater. However, the porphyric texture of the origi-
nal basalt rock and the primary rock forming minerals can be 
recognised in thin sections. 
In the Tardona Hills (North Hungary) there are exhumed 
small and shallow subvolcanic bodies on the margins of which 
altered aureoles and hyaloclastites containing andesite frag-
ments occur (Kozák et al., 1998). According to the K-Ar 
dating of the samples collected from the investigated subvolca-
nic bodies, the age of the volcanic activity can be estimated to 
9.5(±0.8)-13.73(±0.76) Ma BP. There are many places in the 
host Miocene sediment series (tuffite-sandstone deposits), 
where intruded andesite dykes can be found. Macroscopic fea-
tures of these intrusions are similar to those of crystal tuffs, 
due to the formation of hyaloclastite. The syngenetic nontroni-
tic-bentonitic alteration of the andesite dykes was generated by 
intensive groundwater migration. On the margins of these 
dykes limonitic bands can be found, too. Rarely, greenish epi-
dote bearing zones may also occur indicating intensive interac-
tion between the andesitic magma and the host sediment. 
References 
KOZÁK, M. , BARTHA, I., SZÖÖR, GY. (1985): Földtani K ö z -
löny, 115, 281-292. 
KOZÁK, M . , PÜSPÖKI, Z . , CSÁMER, Á . , CSATHÓ, B . , PÉCS-
KAY, Z., BARTA I. (1998): Carpatho-Balkan Geological 
Association 16th Congress, 301. 
22 www. sei. u-szeged. hu/asvanytar>/acta. htm 22 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
KAOLINITE-SMECTITE: NATURE OF THE LAYERS AND MECHANISM OF SMECTITE 
KAOLINISATION 
CUADROS, J.,1 DUDEK. T..' FIORE, S.2 
1 Department of Mineralogy, Natural History Museum, Cromwell Road, London, SW7 5BD, UK 
2 Instituto di Metodologie Avanzate di Analisi Ambientale, Tito Scalo, Potenza, 85050, Italy 
The present study is aimed to contribute to a better un-
derstanding of the nature, formation and evolution mecha-
nisms of mixed layer clay minerals by studying kaolinite-
smectite (K-S). 
We examined K-S from three different localities. Twenty 
specimens are from the Los Trancos clay deposit of Tor-
tonnian age in Almeria, Spain (three samples are from palaeo-
sols, the rest formed by hydrothermal activity). One sample 
is from a clay deposit formed by weathering of Eocene vol-
canic ash (Yucatan Peninsula, Mexico), and one from a 
Jurassic weathering crust developed on a bentonitic bed 
(Rushden, Northamptonshire, England). We used the < 2 |.im 
particle size fraction containing K-S as a single phase. 
The methods used in this study are the following: X-ray 
diffraction analysis of both random and oriented preparations, 
thermogravimetry (TG) and chemical analysis (X-ray fluo-
rescence, wet analysis and ICP-AES). The proportion of kao-
linite and smectite layers in K-S (%K) was calculated by fitt-
ing the experimental and theoretical XRD patterns calculated 
with the NEWMOD® computer program (Reynolds, 1985). 
We find that the total dehydroxylation weight loss calcu-
lated from the TG curves is not linearly related to the evo-
lution of K-S composition recorded by XRD. Thus, the 
collapse of layers to 7 A is not linked directly to the increase 
of OH content of the octahedral sheet in K-S during the 
transformation. We interpret this trend as an effect of the 
development of patches within smectite layers in which part 
of the tetrahedral sheet is stripped off and OH groups are 
attached. The patches (henceforth called kaolinite-like 
patches) have the 1:1 layer structure, however they do not 
necessarily yield a 7 A kaolinite spacing. At the beginning of 
the process, the patches are small and there is no change in 
the basal spacing. As the transformation proceeds, the point 
is reached when the patches become large enough to allow 
formation of 7 A domains or layers, producing mixed layer-
ing. The TG curves of our samples show three dehydroxy-
lation events: at cca. 450°C for kaolinite, cca. 620°C for 
smectite, and cca. 550°C for a component intermediate bet-
ween them. We interpret the "intermediate" component as the 
parts of the smectite layers located in direct proximity of the 
kaolinite-like patches. Dehydroxylation of the octahedral sheet 
in these areas needs less energy than in smectite but more than 
in kaolinite, because the diffusion of the evolving H 2 0 is 
easier than in the former but more difficult than in the latter. 
The chemical analyses show continuous release of Mg 
from K-S structure during smectite kaolinisation. In contrast, 
Fe remains in K-S or is removed much more slowly than the 
transformation happens. These data are supported by the 
non-linear evolution of the (060) peak position on the XRD 
patterns with increasing %K, indicating that the rate of 
change of the octahedral cation composition is lower than 
that of 7 A layer formation. We associate this trend with the 
retention of Fe. The CEC examination indicates that some 
layer charge produced by the residual A1 in the tetrahedral 
sheet is retained within kaolinite-like patches. 
The evidence in this study indicates that the smectite-to-
kaolinite reaction mechanism through mixed layer K-S is a 
solid-state transformation. We believe that the presented re-
sults apply to different environments of K-S formation. Our 
samples were formed in both hydrothermal and hypergenic 
conditions causing bentonite alteration. Also, K-S from 
palaeosols developed on chalk- and silica-rich rocks (Paris 
Basin, Brindley et al., 1983) and from present-day montmo-
rillonitic soils (Alabama coastal plains, Karathanasis and 
Hajek, 1983) show the same relation between the dehydroxy-
lation weight loss and K-S composition as in this study. 
Thus, smectite kaolinisation in non-bentonite systems pro-
ceeds also through the development of kaolinite-like patches, 
and our proposed mechanism operates in a variety of envi-
ronments and conditions. 
Our study also shows the complex nature of K-S layers. 
They can be partly smectitic and partly kaolinitic in terms of 
OH content, chemistry and basal spacing, and the smectite or 
kaolinite character of one layer can vary depending on the 
variable investigated. 
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A series of reduced-charge montmorillonites (RCMs) was 
prepared from SAz-1 montmorillonite (Arizona) saturated 
with Li+ cations. Portions of the Li+-saturated montmorillonite 
were heated at various temperatures (60-200°C) for 24 hours. 
The extents of the charge reduction were proportional to the 
preparation temperature. Series of RCMs provides a good 
model for studying the effects of the layer charge on properties 
of smectites. The layer charge of prepared samples was cha-
racterised by cation exchange capacities (CECs), layer charge 
density measurements using alkylammonium method and by 
means of spectra of organic, cationic dyes in clay dispersions. 
The CEC values were measured and compared using se-
veral methods. These methods were based on ion exchange 
reactions with ammonium acetate, barium chloride, methy-
lene blue (MB) and copper complex of triethylenetetramine. 
The values of CEC decreased with preparation temperature. 
There were non-significant differences between the CEC 
values determined by different methods. Only in the case of 
methylene blue adsorption, slightly higher values were ob-
served due to MB adsorption above CEC. 
The layer charge of the RCMs was measured using alkyl-
ammonium method. In comparison with the CEC values, this 
method gave information about the charge densities in the 
interlayer space of the minerals. Layer charge distribution 
histograms and average charge densities were calculated. The 
charge distributions of parent and all prepared RCMs are 
heterogeneous. The mean values of charge densities were 
used for the calculation of theoretical CECs. 
The interactions of the prepared materials with two catio-
nic dyes, methylene blue (MB) and thionine (Th) were studied 
in detail. Spectral properties of dye cations adsorbed at the 
silicate surface reflected significantly the charge density of the 
prepared materials. The distribution of the layer charge pro-
bably controlled the distances between adsorbed dye cations. 
The surfaces of high charge densities promoted and those of 
low charge densities suppressed the dye cation aggregation. 
The parent material with the highest charge density induced 
the formation of H-aggregates of the dye cations with sand-
wich-type molecular assemblies. The H-aggregates absorb light 
at significantly lower wavelengths with respect to monomers. 
The amount and the size of the H-aggregates decreased with 
decreasing layer charge in favour of H-dimers and monomers. 
Comparisons of the spectral properties of adsorbed MB 
and thionine (Th) were investigated as well. The trends of the 
Th aggregation were similar to those of MB. Differences bet-
ween MB and Th spectra were observed in the presence of 
high charge RCMs. Th exhibited a tendency to react on the 
surfaces of high charge silicates. This reaction is probably 
similar to those observed with other aromatic amines adsorb-
ed on the clay mineral surfaces. 
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The swelling model of clay formations of well walls de-
pends on the type of reactive fluid cations, including drilling 
muds, with which the wall clay interacts. For this reason, it is 
necessary to recognise the swelling type of a clay formation 
under the influence of various cations. The drilling technology 
should take into account the time it takes to achieve maximal 
swelling of a particular clay in a particular environment. This 
would ensure that action is taken within a limited time, before 
the swelling has reached its maximal values. In this way, the 
Tortonian clays have produced a lot of reservations during the 
drilling process of many deep and very deep wells in Albania. 
According to the identified models of swelling, it appears that 
they have a swelling of "zero" time, which means that as soon 
as they come to contact with the reactive environment they 
swell instantaneously. 
Formations of swelling clays of these walls, even within 
a single well, behave differently in different depths towards 
active fluids which contain cations. This fact should be taken 
into consideration during the selection process of the chemic-
al content of drilling muds used in a particular well. 
The necessary time for maximal swelling of an ingredient 
of drilling mud (clay, polymer, filler etc.) is often relatively 
long. If a clay, polymer or another drilling fluid ingredient 
which has not yet reached maximal swelling is introduced to a 
porous layer of oil-gas, this will modify their tensioned condi-
tions and consequently, supplementary tensions are created. If 
the ingredients have not completed the full swelling cycle, they 
will act as "blocking" agents during the continuing swelling 
process to the productive layer of oil, gas and retaining water. 
The study argues the identification of the swelling model 
of clays under the influence of the active phase of reactive 
solution, which are exposed to the walls of the well. 
The swelling model is identified based on the kinetic laws 
of swelling. The linear swelling model is based on the law 
KdV/dT + V0 = Vm (where V is the volume at the moment T, 
while V0 and Vu are at time T = 0 and QO, respectively; K is a 
kinetic parameter, the time of swelling), and its linear form 
B = CT (where B=ln[(Voo-V0)/(Voo-V)] and C = 1/K). 
The tests were carried out under the influence of different 
reactive solutions, which have simulated the filtration of 
drilling fluid used most often in the drilling technology. The 
correlation coefficients are evaluated and the most confident 
regression equations of the swelling models are made evident 
(Table 1). The swelling model is related to the specific struc-
ture of the clay. Structural specifications of clays are carried 
out with the techniques XRD, DTA, IR, CEC and TEM and 
are part of this study. 
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Type of clay and reactive solution Regression equation Correlation coefficient 
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In the last decades nanostructured materials are receiving 
a great attention since their properties are different and often 
superior than conventional materials. In particular, many stu-
dies have involved the characterisation of silicate layered 
structures (e.g. clay minerals) which can be considered natu-
ral nanostructured materials since display size-dependent 
properties that make them useful as industrial raw materials 
and for many applications, such as environmental remedia-
tion. Lately, a great attention has- been paid to study struc-
tural modifications of clay minerals after mechanical defor-
mation via planetary ball milling, because it can induce nano-
structuring and physical and chemical changes in the treated 
materials for new application techniques. Several studies 
concerning structural and textural changes by mechanical de-
formation of kaolinite (e.g. Horváth et al., 2003; Frost et al., 
2001; Sanchez-Soto et al., 2000), talc (e.g. Pérez-Maqueda et 
al., 2004; Godet-Morand et al., 2002), and montmorillonite 
(e.g. Dellisanti and Valdrè, 2004; Christidis and Makri, 2003; 
Cicel and Kranz, 1981) were presented, however the avail-
able data are often incoherent. The aim of this paper is to 
show preliminary results from well characterised mechanical 
treatment of simultaneously compacted and shear stressed 
commercial Ca-montmorillonite, kaolinite and talc. 
After mechanical grinding in controlled environment for 
20 hours all analysed minerals have shown a severe broaden-
ing and decrease of intensity both in 001 basal diffraction 
peaks and in 060 peaks (XRD data). This indicates a reduction 
of crystallinity (increasing of FWHM values) and an increase 
of microstrain in treated sample respect to the untreated ones. 
Finally, only for the montmorillonite sample mechanical de-
formations have induced a progressive reduction of the dOOl 
lattice spacing of the montmorillonite from 1.5 to 1.3 nm due 
to the expulsion of interlayer water molecules. 
FTIR results have shown that the structural damage re-
gards both the bonds in octahedral sites and between tetrahed-
ral and octahedral sheets. A change is also observed in the ratio 
between OH-stretching band and hydrogen bond absorption 
band. Moreover, a slight broadening of the Si-0 bond could 
also indicate an initial déstabilisation of tetrahedral layers. 
Thermal analysis (DTA, TG, DTG) has shown a reduction 
of weight loss relative to the expulsion of structural water dur-
ing mechanical treatment. A decrease of the maximum tem-
perature of dehydroxylation was observed for talc (AT = 
100°C) and kaolinite (AT = 150°C) and in minor extent for 
montmorillonite (AT = 20°C). 
Surface force analysis was performed by Atomic Force 
Microscope (AFM). Calibration curves were obtained using 
various layered silicates and preliminary results on talc and 
smectite showed different surface potentials. 
The following results indicate that mechanical treatment 
via compression and shear involves structural déstabilisation 
which could induce significant changes in chemical and phy-
sical properties of minerals. These modifications are very im-
portant for several industrial applications. Determination of 
particle size distribution, cation exchange capacity (CEC), 
specific surface and colour measurements (CIELAB system) 
are in progress. 
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The production of zeolites by treatment of coal fly ash 
with alkaline solutions, was tested using various procedures 
of hydrothermal synthesis. The F class fly ash (classification: 
see Manz, 1999) is a good substrate for zeolite synthesis 
reaction because of its composition dominated by aluminosi-
licate and silicate phases. Based on previous work (Der-
kowski and Michalik, 2004), the most effective reactions of 
synthesis were chosen to produce three types of zeolite mate-
rials, rich in three zeolite phases: Na-X (FAU), NaPl (GIS) 
and sodalite (SOD; nomenclature and classification after 
Baerlocher et al., 2001). The fly ash collected from Krakow 
power plant (Si0 2 + A1203 = 72.5%; S i0 2 / A1203 = 1.88) was 
used as substrate for the reactions. 
10 g of homogenised fly ash was mixed with NaOH and 
NaCl solutions, stored 24 hours in various temperatures 
(see below), under atmospheric pressure, then washed and 
dried. The reactions were carried out in the following con-
ditions: 
• the Na-X-rich material: 200 ml of 3 M NaOH, tem-
perature 75°C; 
• the NaPl-rich material: 200 ml of 1M NaOH + 100 
ml of 3 M NaCl, temperature 150°C; 
• the sodalite-rich material: 400 ml of 5M NaOH + 
200 ml of 3 M NaCl, temperature 150°C. 
The mineral and chemical composition of the raw fly ash 
and the products were determined using XRD, IR and EDS 
methods and SEM observations and their various properties 
were tested: 
1. CEC (determined using Mn2+ ions, desorbed with 1 M 
CH3COONa solution): fly ash 10 meq/100g; sodalite 63; Na-
Pl 154; Na-X 187. 
2. Specific surface (SBET), specific surface and volume 
of mesopores (Smez, Vmez) and micropores (Vm,c) were mea-
sured applying adsorption and desorption of argon gas in 
liquid nitrogen temperature, and then calculation using Dubi-
nin and Dubinin-Radushkievitsh equations (Brunauer et 
al., 1938; Oscik, 1979). 
3. Thermal stability of zeolite materials was checked by 
heating in three ranges of temperature and then analysing 
their structures by XRD. Zeolite structures are stable: NaPl 
< 300°C; Na-X » 700°C, sodalite > 700°C. 
Determined properties of zeolite materials suggest a 
broad range of possible applications. Na-Pl and Na-X mate-
rials show very high capacity for removing heavy metal ions 
from water solutions, due to their high CEC. Because of the 
wide micropore dimensions of 0.74 nm (Breck, 1974), signi-
ficant micropore volume and the high thermal stability, Na-X 
may be an appropriate material for gas purification from SOx, 
COx and Hg. NaPl and sodalite have too small effective pore 
dimensions for accepting bigger gas molecules, but can be 
good adsorbents for water vapor. 
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Table 1: 
Material SBET [m2/g] Vmic [mm3/g] Smez [m2/g] Vmez [mm
3/g] 
fly ash 10 5 9 15 
sodalite 28 11 18 29 
NaPl 39 15 33 49 
Na-X 231 90 46 71 
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The end Permian mass extinction at approximately 250 
Ma ago was one of the most severe mass extinction of the 
Earth. The high-resolution study of the two Permo-Triassic 
boundary sections in Western Slovenia (Idrijca Valley and 
Masore section) and one in the Karavanke Mountains (Brs-
nina section) reveal that the main extinction occurred over a 
period of less than 100,000 year. It is supposed to be coinci-
dental with the terminal phase of the end Permian marine re-
gression, the eruption of the Siberian basalts and with a sharp 
spike 5 I 3C carb, 5 l 3Corg, 6 I 8 0 as well as by a negative Ce 
anomaly and the enrichment in several major, minor and 
trace elements at the P/Tr boundary which is represented in 
Idrijca Valley section in clayey marl layer (0.8 cm) and in 
Brsnina section by a boundary clay (1 cm). In this study we 
represent the XRD-analyses of clay and/or clayey marl layers 
from the Upper Permian to Lower Triassic sedimentary se-
quence of the Brsnina section in the Karavanke Mountains. 
The aim of this study was to reveal the possible changes in 
the clay minerals composition at the P/Tr boundary transition 
most probably due to increased erosion and environmental 
changes which are supposed to suggest a causal relation bet-
ween Siberian volcanic activity and significant impact on 
land and land species as well. 
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Mica-chlorite mixed layers were identified by X-ray diff-
raction (XRD), as a major or a subordinate phase, in several 
slates of the Puncoviscana Formation from Sierra de Mojoto-
ro (Easter Cordillera, N W Argentina). In order to determine 
the crystal chemical characteristics of these mixed layers and 
interpret its petrological meaning, the anchizonal slate P90 
(Kiibler Index = 0.30) was chosen for TEM observations as it 
displays less evidences of retrograde alteration of clay mine-
rals than other slates of the area (Do Campo, 1999; Do Cam-
po and Nieto, 2003). In this slate dioctahedral mica and chlo-
rite form interleaved phyllosilicate grains up to 110 |xm long, 
preferentially oriented with (001) sub parallel to slate cleav-
age, which forms an angle of 70° with bedding. 
In agreement with XRD results the main phyllosilicates 
identified by TEM, were dioctahedral mica and 10-14 A 
mixed layer, with chlorite in subordinate amounts and scarce 
smectite. The electron diffraction (SAED) patterns obtained 
for the 10-14 A mixed layers present the following reflec-
tions in 001 row. 
B134: 12.0 A, 7.4 A, 5.9 A, 4.6 A, 3.7 A, 3.2 A, 2.8 A, 
2.6 A, 2.3 A, 1.9 A, 1.8 A. (CV = 2.6%) 
B137: 22.2 A, 12.0 A, 7.7 A, 6.1 A, 4.7 A, 3.9 A, 3.4 A, 
2.9 A, 2.6 A, 2.3 A, 2.2 A, 2.0 A (CV = 2.6%). 
B140: 12.2 A, 7.8 A, 6.2 A, 4.8 A, 3.5 A, 3.0 A, 2.7 A, 
2.4 A, 2.0 A, 1.7 A (CV = 1.6%). 
The coincidence between XRD and SAED data is quite 
good though the shape and position of the first peak in XRD 
traces (002 reflection) seems to be affected by the presence of 
smectite. In both cases reflections at 7.3-7.4 A that could be 
attributed to chlorite appear. The coefficients of variation (CV) 
obtained for these patterns are clearly higher than the value of 
0.75% established by AIPEA for rational XRD patterns (Bai-
ley, 1982); therefore they represent random mixed layers. Be-
sides, in k * 3n rows the patterns present line and scarce points 
elongated along c*, irregularly spaced. In lattice fringe images 
a sequence of irregular stacking to produce apparent 24 A 
( 1 0 + 1 4 ) layers could be observed, but frequently it is possible 
to distinguish the 10 A layer from the adjacent 14 A layer. In 
nearly all packets 14 A layers prevail, exhibiting 14 A/10 A 
ratios between 1:1 and 3:1. The 10-14 A pair appears repeated 
until seven times; this order is broken by stacking faults 
(10-14—14-10), or for excess 14 A layers or less frequently 10 
A layers. Several open layers were identified in these packets. 
Scarce diffraction patterns characteristic of chlorite, with 
semi-random or less frequently ordered stacking, were 
obtained. In lattice fringe images layers at 10 A in ratios 
from 1:4 to 1:10, some of them open, interleaved among pre-
dominant 14 A layers were observed in almost all packets. 
The 10-14 A pair is not repeated more than three times con-
secutive and several lateral transformation from 14 A to 10 A 
layers was imaged. 
The straight and continuous appearance of lattice fringes in 
all the mixed layer packets imaged plus the few open layers 
identified, let us conclude that they correspond principally to 
mica-chlorite mixed layers. However, scarce smectite layers 
could be present. The AEM analyses carried out for these 
packets clearly indicate that they correspond to interstrati-
fications of chlorite-like and muscovite-like layers. The main 
cation in interlayer site is K, sometimes accompanied by Ca. 
In some cases the interlayer charge is lower than expected for 
muscovitic layers, which could be reflecting the existence of 
illitic substitution in 10 A layers. Besides, several analyses ex-
hibiting low (Fe + Mg)/Si contents may represent complex 
muscovite-chlorite-smectite mixed layers. 
The structural site in which muscovite-chlorite mixed 
layers appear together with the observed along layer 
transformations from 14 A to 10 A let us interpret them as 
the result of a prograde metamorphic replacement of chlorite 
in porphyroblasts by dioctahedral mica layers, probably in 
presence of an aqueous fluid. 
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The adsorption of arsenic on clay surfaces is very impor-
tant for the natural and simulated removal of arsenic species 
from aqueous environment. In this investigation four samples 
of clay minerals (natural kaolin and metakaolin from the 
same region, natural clinoptilolite-rich tuff and synthetic zeo-
lite) in both untreated and treated forms were used for the 
sorption of arsenate from model aqueous solution. The treat-
ment of minerals consisted of exposing them to concentrated 
solution of Fe(II). Within this process the mineral surface has 
been probably laden with Fe(III) (oxidohydr)oxides whose 
high affinity for the As(V) adsorption is well known. Two of 
the used mineral samples (natural clinoptilolite-rich tuff and 
synthetic zeolite) were also activated by HC1 solution. This 
treatment suggested the increase of Si-Al ratio due to the 
dealumination and the removal of carbonates in the water 
washing stage after HC1 treatment. 
In all investigated systems the efficiency of As(V) sorp-
tion increased significantly with the use of the Fe(II) treated 
sorbents (from about 15% to more than 90%, Fig. 1), while 
the acid activation slightly improved only the sorption capa-
city of synthetic zeolite (to about 60%, Fig. 2). 
The mechanism of treating process via Fe(III) laden surfa-
ce was confirmed by voltametric analysis and diffuse reflec-
tance spectroscopy. The investigation of untreated and treated 
sorbents indicated the presence of free Fe3+ ions or ferrihydrite 
in the treated samples. IR spectra of treated solids corres-
ponded well to the above mentioned results showing signifi-
cant bands caused by Fe(III)-S04, Fe(IlI)-0 and As-0 vibra-
tions. In untreated solids no significant As-O vibrations were 
observed due to the negligible content of sorbed arsenate. 
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Fig. 1: As sorption with the use of the Fe(II) treat-
ment; a) untreated sorbents (empty symbols), 
b) treated sorbents (full symbols) 
Fig. 2: As sorption with the use of the HC1 activa-
tion; a) untreated sorbents (empty symbols), 
b) treated sorbents (full symbols) 
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The present study examines the effect of sonication on the 
thermal behaviour of kaolinite. Selected well ordered sedi-
mentary kaolin clays from Lower Silesia (Poland) (Maria and 
Zofia) were chosen to describe this effect. Ultrasonic treatment 
of raw samples was performed in cycles of 1, 3, 9, 21 and 40 
hours. Sonication process caused change of surface area value 
from 15 m2/g (for raw samples) to 39 m2/g (for 40 hours) for 
Maria and from 15 m2/g to 34 m2/g for Zofia. After final stage 
of applied processing no more size reduction was observed. 
The (001) reflections of all treated samples of kaolinite were 
used to obtain best mean particle diameters calculated by 
MudMaster program (Eberl et al., 2000). Thickness of do-
mains of coherent scattering for both kaolinites changes 
suitably from 0.049 |xm for raw sample till 0.045 |im for Maria 
and from 0.049 |am till 0.040 |xm for Zofia after 40 hours of 
ultrasonic treatment. When sonication time increases, the ori-
ginal dehydroxylation effect shifts to lower temperatures 
(Fig. 1) and decreases in intensity. At the same time the exo-
thermic effect, previous to the mullite formation, shifts to 
lower temperatures and broadens. Comparison of the HTXRD 
patterns (Fig. 2) of the untreated and the sonicated sample 
during 40h shows that (001) reflection of the treated sample 
decreases considerably stronger than the (001) reflection of 
untreated kaolinite. It disappears at 600°C indicating end of 
the dehydroxylation process. The conducted investigation of 
the surface area, the DTA-TG curves and the HTXRD patterns 
showed that the structure and the thermal behaviour of 
kaolinites were strongly affected by the ultrasound treatment. 
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Fig. 1: DTA curves of the untreated Maria ka-
olinite (solid line), 40 hours sonicated (dashed 
line) 
Temperature (°C) 
Fig. 2: Variation of the intensity of the basal 
reflection of the untreated Maria kaolinite (so-
lid line), 40 hours sonicated (dashed line). 
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Part of the technological waste produced in petroleum in-
dustry in Croatia is hazardous waste. Such kind of waste is 
treated with lime and through processes of stabilisation-solidi-
fication it transforms into poorly soluble-inert material which 
is then deposited in central oilfield pits. Stabilisation-solidifi-
cation with lime is world-wide used as a technique of treat-
ment of organic and inorganic technological waste. Foreign 
experiences showed that by usage of this technique for treat-
ment of organic technological waste, or waste with organic 
and inorganic pollutants, sufficient reduction of pollutant 
movement in the environment is not caused. Due to this fact, 
one has to be careful in its application. 
The new techniques of treatment are being developed for 
materials which contain organic or inorganic and organic 
pollutants. The aim of this research was to examine alterna-
tive ways of treatment of technological waste from petroleum 
industry. The sample of technological waste from central oil-
field pit Vinkovci was treated in laboratory conditions with 
application of single material or application of material com-
binations: (a) cement, (b) organophilic clay, (c) calcined Mo-
ler clay, (d) lime + organophilic clay + bentonite, (e) cement 
+ organophilic clay + bentonite, (f) lime + calcined Moler clay 
and (g) cement + calcined Moler clay. The sample of technolo-
gical waste treated with lime was used for comparison of 
results. The following parameters were determined in treated 
samples: (a) total oils, (b) mineral oils, (c) polycyclic aromatic 
hydrocarbons (16) and (d) heavy metals and potentially toxic 
elements (10). The content of stated parameters is determined 
in original samples and their destilled water leachates. 
The most successful treatment for majority of parameters 
was treatment with organophilic clay. Such treated sample 
releases, for example, 63 times less total oils, 67 times less 
mineral oils, 798 times less naphthalene and 136 times less 
lead than sample treated with lime. The organophilic clay, as 
the most successful material, is followed by calcined Moler 
clay. The obtained results clearly show that reduction of hyd-
rocarbons content with some of the field acceptable ways and 
detailed chemical analysis of left organic and inorganic pol-
lutants has to be done before the selection of the best method 
for treatment of technological waste in petroleum industry. 
Depending on results of analysis, hazardous technological 
waste can be treated more effective by application of more 
suitable materials (e.g. organophilic clay) which reduce pol-
lutant release from such treated waste in the environment. In 
this way the problem of permanent disposal of treated waste 
can be solved. 
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Green clay micas (i.e. glauconite and the celadonite fami-
ly) occur sporadically in volcanic rocks of the Mátra and Tokaj 
Mountains, North Hungary. These minerals are associated 
mainly with Tertiary andesites and rhyolites in the Recsk An-
desite (Eocene, Priabonian stage), Hasznos Andesite (Mio-
cene, Karpatian stage), Mátra Andesite (Miocene, Badenian 
stage) and Tokaj Volcanite (Miocene, Badenian to Pannonian) 
Formations. Kubovics (1963; 1964a; 1964b) was the first to 
describe green clay mica as glauconite from Miocene andesite 
of the Ágasvár Hill, Mátra Mountains, later it was redefined as 
celadonite (Kubovics, 1966). 
In magmatic environments green clay micas occur in 
three forms: 1) cavity fillings of volcanic rocks; 2) films co-
vering fissures of volcanic rocks and 3) pigment materials in 
chalcedony or opal. The three forms are different from one 
another in separability and the quantity of separable material 
(Table 1). Separation procedures of magmatic green micas 
Table 1: Forms of magmatic green clay micas 
and their separability 
Form Separability Quantity of 
separable material 
nest high large 
film high small 
pigment low large (but contamined) 
are not as difficult as described in the case of sedimentary 
glauconites by Fekete et al. (2003). Nest-like clay micas 
were separated from the host rock by crushing, after which 
the mineral could be readily hand-picked from the debris. 
From thin films the mineral can be picked using a sharp 
needle (cf. Buckley et al., 1978). It is impossible to separate 
the pigment green clay micas from the host materials (usu-
ally opal and chalcedony) so we have to study them together. 
In the Mátra and Tokaj Mountains opals and chalcedo-
nies are frequently coloured to green. Green colour is caused 
by different clay minerals, commonly micas and smectites 
(nontronite) as well as X-ray amorphous phases. Green 
colour of opals and chalcedonies proved to be caused by 
green clay micas at Bábakő, Tolcsva; Veresvíz mine and Ká-
nya Hill, Telkibánya; Bőr Hill, Hollóháza; Cink Hill, Erdő-
horváti; Mulató Hill, Erdőbénye; Recsk; Köves Hill, Gyön-
gyöstarján localities. Weak reflections and frequent absence 
of the diagnostic 060 peak from the XRD pattern make the 
identification of the green clay micas mixed with silica 
difficult. Causes of weak reflections are probably the low 
degree of crystallinity of micas and/or their very small crys-
tallite size. Therefore some of the X-ray amorphous green 
phases may be micas with very low crystallinity and/or very 
small crystallite size. Otherwise silica is very usefiil in gene-
tic aspect, because it preserved the transformation (oxidation) 
fronts between green clay mica and iron-oxide (-hydroxide) 
minerals (hematite, goethite). 
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Red clays in Hungary are the products of soil forming 
processes of Tertiary period and so were not covered by 
marine sediments. 
Basic soil investigations and mechanical analysis (Fekete 
et al., 1997) were carried out on the red clay samples (Fekete 
and Stefanovits, 2002; Fekete, 2002). X-ray diffraction and 
(derivatographic) thermal analysis were applied to determine 
the mineral composition of the samples by G. Bidló and P. 
Kovács-Pálfíy. 
On the basis of soil and mineral analysis these red clays 
can be rank in various groups: 
Red clays in Transdanubia are: 
1. The red soils of western periphery of Hungary: 
a) Red soils of Kőszeg Hill. Most of the red clays are in 
situ old ferralitic formations. 
b) Red soils of Őrség. We can find decomposed sialli-
tic and rather old ferralitic residuum. 
2. Red soils formed on Permian sandstone. It doesn't 
contain kaolinite and hematite, but contains goethite. 
3. Bauxitic formations of Transdanubian medium high 
mountains: 
a) Red clays in which the allite association is dominant. 
These soils contain high amount of boehmite, gibbsite and 
kaolinite. 
b) Bauxitic red clays which show allitic characteristics. 
The amount of kaolinite and chlorite is prominent. 
4. Red clays of Transdanubian Hill: 
a) The red clays have been produced by weathering of 
Pannonian surface. We can find illite, chlorite, montmorillo-
nite and kaolinite. 
b) Red clays of Mecsek and Villányi Hill. These terra 
rossa formations are in the fissures of limestones. 
Red clays of Northern Mountains are: 
1. The red clays of Tokaj Foothills, formed on rhyolite 
tuff with low contain of kaolinite and 40% of montmorillonite. 
2. The red soils of Cserehát and Szalonna Hills with 
high percentage of montmorillonite have a typical red and yel-
low red colours. 
3. The red soils of Aggtelek Karst, Torna Hills and 
Bódva Valley with 40% of montmorillonite and 10% to 40% 
of kaolinite. 
4. The red soils of Bükk Mountains with very low kao-
linite contain, the percentage of illite contain is around 20% 
and with the very little percentage of montmorillonite. 
5. The red soils of Northern periphery of the Great 
Hungarian Plain with significant amount of montmorillonite 
have a 10% to 20% of kaolinite. 
Micromorphological features of clays are summarised as 
follows. 
The speckled and granostratied b-fabric of the groundmass, 
whose occurrence is mainly due to swelling and shrinking, 
were observed in samples from the sites as follows: Gödöllő, 
Gyöngyöstaiján, Hatvan-Gombos, Jósvafo, Kakasd, Kővágó-
szőlős, Mád, Mátrakeresztes, Muzsla, Salgótarján, Szekszárd, 
Szurdokpüspöki and Valkó. Swelling was confirmed by the 
occurrence of stress coatings in the red clays from Jósvafo and 
Szurdokpüspöki. 
Occurrences of clay coatings in samples of sites in Gödöl-
lő, Hatvan-Gombos, Kővágószőlős, Mád, Muzsla, Mátrake-
resztes, Salgótatján, Szurdokpüspöki and Valkó were inter-
preted as a micromorphological features of illuviation. The 
most illuviation coatings and infillings were observed in 
samples from Hatvan-Gombos and Kővágószőlős. Concern-
ing micromorphological investigations thanks are due to Géza 
Szendrei for helping. 
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Tertiary clays and sandstones, occurring abundantly in 
the Lublin area (Poland) contain high amounts of glauconite 
and smectite (Gazda et al., 2001). The present study was un-
dertaken in order to check the influence of acid activation of 
clay minerals separated from these rocks on their textural 
properties and bleaching potential. 
Clay minerals, separated by sieving (< 63 |im for smectite-
glauconite material) and magnetically (glauconite, from > 63 
(xm fraction), were activated using 10% HC1 or 20% H2S04 at 
371°K(±2K), during 1 to 7 hours of reaction, with solid-liquid 
ratio of 0.067 g/ml. Raw and activated clays were analysed for 
their mineral and chemical composition (XRD and SEM ob-
servation with EDS system). Their physicochemical properties 
were determined: cation exchange capacity (CEC)—using 
Mn2+ ions desorbed with 1M CH3COONa solution, as well as 
specific surface area (BET), specific volume of micropores 
and specific volume and surface of mesopores—applying 
argon gas adsorption-desorption in the liquid nitrogen (77°K) 
temperature (Gregg and Sing, 1982). The content of Mg, Fe 
and Al elements were analysed in all samples with 1CP-AES. 
The bleaching capacity of tested materials was determined by 
mixing 1 g of activated material with 40 ml of crude rapeseed 
oil at the constant temperature of 373°K during 20 minutes. 
The bleaching potential was estimated based on colour changes 
of treated oil (mixed with acetone 1:3), measured spectromet-
rically (Christidis et al., 1997). 
The applied acid activation affects the studied clay mine-
rals structures to variable degree. None of applied acids can 
provoke significant structural alteration of glauconite, only 
coherent dissolution of whole crystals was observed, incong-
ruent because of silica precipitation. The smectite structure 
decomposition (observed as 001 XRD reflection degradation) 
takes place faster than glauconite dissolution. HC1 solution 
applied in the experiments is more aggressive than H 2 S0 4 
and causes immediate dissolution of smectite, leaving glau-
conite in fine fraction. 7 hours is needed for smectite disso-
lution with H 2 S0 4 . 
The textural properties of tested fractions have been signi-
ficantly improved by activation. The specific surface of the 
coarse material increases from 78.4 to 324.1 m2/g after 7 hours 
of HC1 activation and from 85.9 to 236.0 m2/g for the fine 
fraction material. The CEC values of glauconite (16.82 
meq/lOOg) and fine fraction (33.17 meq/lOOg) decrease with 
acid activation time, due to the dissolution of swelling phases. 
The effect of adsorption of /^-carotene from rapeseed oil 
by the tested materials depends on the type of acid applied in 
the process of their activation. The most advanced bleaching 
(95%) was found using the sample of fine fraction material 
after 7 hours reaction with H 2S0 4 . Activation by HC1—a 
more aggressive reagent—results in lower bleaching capacity 
and confirms the suggestion of "overactivation" (Srasra and 
Trabelsi-Ayedi, 2000). The produced material can be consi-
dered as a high quality bleaching earth. 
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Soils have been contaminated with radionucleides in 
Australia and other parts of the world through the testing of 
atomic weapons and through mining. Significant contamina-
tion exists in the USA. Leaching from tailings dams can con-
taminate soils through long distances as the radionucleides 
may be transported through the soils via groundwaters. Such 
contamination is difficult to remove. The addition of phos-
phates and the formation of autunites may offer a mechanism 
for removal of the radioactive contamination. This group of 
minerals is "clay-like" and has been termed the uranyl micas. 
These minerals are secondary minerals and are formed from 
solutions. The implication of such a phenomenon is that the 
minerals are soluble and will pass into groundwater systems 
and hence will be transported long distances. This provides 
the reason for the remediation of soils. Autunite solid-state 
and solution chemistry plays one of the most important roles 
in the actinide chemistry, mineralogy, geochemistry and "en-
vironmental chemistry" with regard to uranium(VI) migra-
tion in natural waters. Actinide autunite complexes inclusive 
those of uranium are to be reflected in migration from a 
nuclear waste repository or in accidental site contamination. 
To gain an understanding of the geochemical behaviour of 
such materials, a fundamental knowledge of actinide carbo-
nate chemistry and mineralogy seems to be needed (Clark et 
al., 1995). The study of the uranyl carbonates has been un-
dertaken for an extended period of time (Huang and Kerr, 
1960; Neumann and Bryn, 1958). There are a significant num-
ber of compounds containing the uranyl ion (Whittle, 1955). 
Contaminated wastes may also offer a source of radionuc-
leides for terrorism and hence the easy detection of such 
uranyl minerals is imperative and leads to a new branch of 
chemistry which might be titled "Nuclear Forensics". 
The autunite group of minerals are tetragonal uranyl arse-
nates, phosphates and vanadates. The minerals have a general 
formula M(U02)2(X04)2-8-12 H 2 0 where M may be Ba, Ca, 
Cu, Fe2+, Mg, Mn2+ or !/2 (HA1) and X is As, or P or V. The 
minerals have a layer-like structure (Locock and Burns, 
2003). These minerals are often known as uranium micas 
(Cejka et al., 1985; Cejka et al., 1984). A characteristic fea-
tures of the minerals is their layer structure in which uranium 
is bound in uranyl-phosphate layers. The cations and water 
are located in the interlayer space. The mineral autunite has 
the formula Ca[(U0 2 ) 2 (P0 4 ) ] 2 -H 20. Autunite is amongst the 
most abundant and widely distributed of the uranyl phos-
phate minerals, yet because of its pseudotetragonal symmetry 
and rapid dehydration in air, the details of its symmetry and 
structure are uncertain. The structure contains the well 
known autunite type sheet with composition [(U0 2 ) 2 (P0 4 ) ] 
resulting from the sharing of equatorial vertices of the uranyl 
square bipyramids with the phosphate tetrahedra. The calci-
um in the interlayer is coordinated by seven H 2 0 groups and 
two longer distances to uranyl apical O atoms. Two symmet-
ric independent H 2 0 groups are held in the structure only by 
hydrogen bonding (Locock and Burns, 2003). This paper will 
show the application of electron microscopy, X-ray diffrac-
tion and Raman spectroscopy to the identification of the 
autunite mineral group and other secondary uranyl minerals. 
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The "memory" effects of synthetic hydrotalcite 
Zn 6 Al 2 C0 3 (0H)i 6 .4H 2 0 have been studied using hot stage 
Raman spectroscopy through both heating and cooling in a 
flow of moist air. Thermal analysis coupled with mass spect-
rometry was used to complement the spectroscopic results. 
Hydrotalcites are layered anionic clays which are based on 
the brucite structure, Mg(OH)2 (Costantino et al., 1998; Frost 
et al., 2003; Lopez et al., 1996), where a trivalent cation sub-
stitutes for some of the divalent cations. The consequent 
positive layer charge is balanced by the incorporation of 
anions and water into the interlayer. The resulting mineral 
has octahedrally coordinated metals, which form sheets. As 
there is no overall charge, hydrotalcites are quite stable. The 
general formula for hydrotalcites is: [M",_x M'"x. (OH)2]An~ 
x/n* m H 2 0 ; where 0.2 < x < 0.33 and M = metal, A = anion 
(Costantino et al., 1998). The interesting properties of hydro-
talcites arise when they are calcined; this process removes 
the interlayer water, interlayer anions, and the hydroxyls. 
The calcined hydrotalcite is able to reform the original struc-
ture when it is exposed to water and anions (Palomares et al., 
2004). This is known as the "memory" effect. Thermal ana-
lysis (TG) coupled with mass spectrometry (MS) has been 
used to study a synthetic hydrotalcite (Zn6Al2C03(0H)1 6 . 
4H 2 0) . It was found that there are four mass losses which 
occur up to 300°C. The first three can be assigned to loss of 
absorbed water, interlayer water and hydroxyls. The fourth 
mass loss is assigned to loss of carbonate as carbon dioxide. 
There is a fifth mass loss which occurs at 550°C, which is 
most likely a loss of oxygen. 
A Raman microprobe spectrometer coupled with a thermal 
stage was used to follow a calcination of ZnAl hydrotalcite 
(Frost et al., 2004; Frost and Weier, 2004a; Frost and Weier, 
2004b). There are three types of OH stretching vibrations 
which can be seen which are MOH, HOH and HOH—0C0 2 . 
There is an increase in the intensity of the hydrogen bonded 
water bands as the temperature is increased, while a decrease 
in intensity of the water bands occurs simultaneously. Only 
MOH bands remain after 150°C. There are bands of carbonate 
anions hydrogen bonded to interlayer water at 1077 cm"' and 
surface OH units at 1060 cm -1. As the temperature is in-
creased, the intensity of the bands of the anion hydrogen 
bonded to interlayer water decreases in proportion to those 
hydrogen bonded to the surface OH units. It is proposed that as 
the interlayer water is removed, the more carbonate anions are 
forced to bond with the surface OH units. Another band 
appears at 150°C due to the anion bonded to two OH units, 
which is caused by the anion being brought into closer contact 
with the surface. 
This paper will present a thermoanalytical and spectro-
scopic study of the memory effects of hydrotalcites. 
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Raman spectroscopy has been used to study hydrotalcites 
including stitchtite, iowaite, pyroaurite, desautelsite. These 
minerals show "memory effects" in that after the mineral has 
been completely destroyed, on exposure to air their structures 
may be restored. 
Hydrotalcites, or layered double hydroxides (LDH's) are 
fundamentally anionic clays, and are less well known than 
cationic clays like smectites (Hashi et al., 1983; Ingram and 
Taylor, 1967). The structure of hydrotalcite can be derived 
from a brucite structure (Mg(OH)2) in which e.g. Al3+ or Fe3+ 
(pyroaurite-sjogrenite) substitutes a part of the Mg2+ (Frost et 
al., 2003; Johnson et al., 2002; Kloprogge et al., 2003). This 
substitution creates a positive layer charge on the hydroxide 
layers, which is compensated by interlayer anions or anionic 
complexes (Taylor, 1969; Taylor, 1982). In hydrotalcites a 
broad range of compositions are possible of the type [ M 2 \ 
xM3+x(0H)2][An-]x/n-yH20, where M2+ and M3+ are the di-
and trivalent cations in the octahedral positions within the 
hydroxide layers with x normally between 0.17 and 0.33. An~ 
is an exchangeable interlayer anion (Hansen and Koch, 
1995). In the hydrotalcites reevesite and pyroaurite, the diva-
lent cations are Ni2+ and Mg2+ respectively with the trivalent 
cation being Fe3+. In these cases the carbonate anion is the 
major interlayer counter anion. In iowaite the anion is chlo-
ride. Normally the hydrotalcite structure based upon takovite 
(Ni,Al) and hydrotalcite (Mg,Al) has basal spacings of cca. 
8.0 A where the interlayer anion is carbonate. If the carbo-
nate is replaced by sulphate then the mineral carrboydite is 
obtained. Similarly reevesite is the Ni,Fe hydrotalcite with 
carbonate as the interlayer anion, which when replaced by 
sulphate the minerals honessite and hydrohonessite are ob-
tained. If the carbonate is replaced with chloride the mineral 
iowaite is formed. The mineral iowaite is characterised by in-
frared bands at 3700, 3674 and 3626 cm"1 attributed to 
Mg3OH, Mg2FeOH and Fe3OH units. Bands are also ob-
served at 3545, 3421, 3281, 3058 and 2769 cm"' and are 
attributed to the water OH stretching vibration. A similar set 
of bands is observed in the infrared spectrum of synthetic 
pyroaurite. The Raman spectra of the synthetic iowaite are 
characterised by bands attributed to (C03)2" at 1376, 1194 
and 1084 cm"1. No bands were observed in these positions 
for the natural iowaite. The Raman spectrum of natural 
iowaite shows three bands at 708, 690 and 620 cm"1 and 
upon exposure to air, two broad bands are found at 710 and 
648 cm"1. The Raman spectrum of synthetic iowaite has a 
very broad band at 712 cm -1 . The Raman spectrum of natural 
iowaite shows an intense band at 527 cm"1. The air oxidised 
iowaite shows two bands at 547 and 484 cm"1 attributed to 
the (C03)2" v2 bending mode. Raman spectroscopy has 
proven most useful for studying the chemistry of the hydro-
talcite iowaite. 
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One of the major problems facing modern society is the 
lack of pure water. Many water storage systems are contami-
nated by a) microbiological and pathological organisms, b) or-
ganic molecules, c) toxic anions and d) heavy metals. One 
method of purification of the organic molecules which may 
include pesticides, herbicides, PCB's, is to adsorb the organic 
impurities on a hydrophobic filter. Organoclays which are 
formed through the ion exchange of the interlayer cation with 
a cationic surfactant form suitable hydrophobic filters. In this 
work we present detailed studies of the synthesis, characterisa-
tion and application of organoclays. 
A detailed observation about the ordering conformation of 
hexadecyltrimethylammonium (HDTMA) ions confined 
within the montmorillonite interlayer in different concentration 
surfactant modified organo-montmorillonites has been ob-
tained by X-ray diffraction, thermal analysis, SEM-TEM and 
spectroscopic techniques. Transmission electron microscopy 
(TEM), scanning electron microscopy (SEM) and X-ray diff-
raction (XRD) have been used to provide new insights into the 
interlayer structure and morphology of HDTMA+-montmoril-
lonite hybrids (He et al., 2004). XRD patterns show that ther-
mal treatment has an important effect on the stability of the 
surfactant intercalated in the hybrids, reflected by the 
significant changes of the basal spacing. TEM and SEM 
micrographs demonstrate that the hybrids with lower surfac-
tant packing density are mainly composed of irregular layer 
stacking with a number of curved hybrid layers, while those 
with higher surfactant packing density are mainly composed of 
regularly interstratified and flat layers. The variation of the 
interlayer distances exists in all hybrids and is more obvious in 
the hybrids with lower surfactant packing density. This study 
demonstrates that not only the arrangement model of surfac-
tant but also the morphology of hybrid strongly depend on the 
surfactant packing density within the montmorillonite gallery. 
X-ray diffraction has been used to study the changes in the 
surface properties of a montmorillonitic clay through the 
changes in the basal spacings of montmorillonite (SWy-2) and 
surfactant-intercalated organoclays. Variation in the d-spacing 
was found to be a step-function of the surfactant concentration. 
High resolution thermogravimetric analysis (HRTG) was used 
to study the thermal decomposition surfactant modified SWy-
2-MMTs modified with the surfactant octadecyltrimethyl-
ammonium bromide. High resolution thermogravimetry shows 
the decomposition takes place in four steps. A mass loss step is 
observed at room temperature and is attributed to dehydration 
of adsorption water. A second mass loss step is observed over 
the 87.9 to 135.5°C temperature range and is also attributed to 
dehydration of water hydrating metal cations such as Na+. The 
third mass loss occurs from 178.9 to 384.5°C and is assigned 
to a loss of surfactant. The fourth mass loss step is ascribed to 
the loss of OH units through dehydroxylation over the 556.01 
to 636.35°C temperature range. 
Many studies show that with the increase of the concent-
ration of surfactant, the arrangement of surfactant in the clay 
interlayer will vary from lateral-monolayer, lateral-bilayer, 
paraffin-type monolayer and last to paraffin-type bilayer. In 
this study, the ordering conformation depends strongly on the 
concentration of the confined amine. In the sample with low 
amine concentration, the amine ions are parallel to the inter-
layer and individually separated (Dickey and Carron, 1996). 
The interaction among amine molecules is very weak. This 
dilution effect causes the formation of gauche conformers. 
However, with the increase of the amine concentration, in-
creased interchain interaction and restriction of the room for 
the movement of the amine tail will be resulted. This will 
lead to the increase of the number of the ordered conformers 
which are reflected by the wavenumber shift to lower wave-
number and the decrease of the band width. For the paraffin-
type model of the amine chains, there is a relative high pack-
ing density. This means the room for movement of the tail of 
amine chain is limited and the confined amine chains adopt 
an essentially all-trans conformation. Therefore, there will be 
no dramatic change of the wavenumber of the bands as 
demonstrated in the present study. It shows that both wave-
number and band width of antisymmetric and symmetric 
stretching modes are sensitive to the ordering conformation 
of the inserted organic surfactant cation. In addition, compar-
ing with that of symmetric stretching mode, the wavenumber 
of the antisymmetric stretching mode is more sensitive to the 
mobility of the tail of amine chain. 
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Processing problems associated with the presence of low 
quantities of smectite in kaolinite are caused by the diffe-
rence in surface area between the non-swelling kaolinite ( 15 -
30 m2/g) and swelling mineral, smectite (700-850 m2/g). 
This surface area issue is a problem for the coatings industry, 
and for reservoir rock analysis. In the oil industry, treatment 
fluids are pumped into reservoir rocks to increase well pro-
ductivity. Interactions of this treatment fluid with swelling 
minerals on the pore surface may catastrophically alter the 
fluid composition. 
The aim of this study was to determine low quantities 
(0.1-30wt%) of swelling mineral, smectite, in mixtures with 
non-swelling mineral, kaolinite, using DRIFTS and the che-
mometric technique, partial least squares (PLS). A third com-
ponent, calcite, was included in the training set to avoid colli-
nearity. Infrared spectroscopy and in particular, DRIFTS, is 
an effective technique to determine small quantities of these 
minerals since it is a sensitive, fast and relatively inexpensive 
technique. PLS is a decomposition technique which carries 
out the simultaneous decomposition of spectral and concent-
ration data to construct a calibration model (Clegg, 1998; 
Forsyth, 2001). It was thought that PLS could improve the 
detection limit determined by (Madejova et al., 2002) using 
peak fitting. For a smectite-kaolinite mixture (Madejova et 
al., 2002) could detect kaolinite at levels as low as 0.5wt%, 
while smectite could not be detected below 40wt%. 
A quantitative determination of components in mixtures 
was obtained using two software programs and the results com-
pared. OMNIC® software and Spectracalc software package 
GRAMS® (Galactic Industries Corporation, NH, USA) were 
used. The most accurate models for the set, containing 21 stan-
dards in this study, do not include the OH stretching region, 
but instead use only the wavenumber region below 2150 cm"1. 
The training set was then exposed to a chemical probe, 
dimethylformamide (DMF). A chemical probe is an organic 
molecule that easily enters the interlayer space of smectites 
but much less easily into kaolins. When a mineral mixture or 
rock is exposed to the chemical probe, the interactions of the 
molecules with different clay minerals are exploited to detect 
the clay mineral content. Therefore, a probe was used with 
the expectation that more accurate quantitative results would 
be obtained regarding the quantities of different minerals in a 
mixture. It was thought that the presence of the peak at 1658 
cm"1, assigned to intercalated DMF, would improve the 
models predictive ability. However the peak was found to be 
present in the spectra of both smectite and kaolinite after 
exposure to DMF and its presence actually reduced the accu-
racy and precision of predictions. 
Spectra of the training set, without DMF exposure, were 
then collected using ball milled KBr diluent and a sample 
compaction device. It was thought that the smaller particle 
size distribution and homogeneous compaction would im-
prove model predictions. The model produced using this 
method did give the most accurate predictions. 
Results indicate that the highest error in kaolinite 
prediction is ±2.2%, in smectite is ±3.8%, and in calcite is 
±4.9%. In conclusion, it has been found that smectite can be 
detected at lower concentrations (0.2wt%) using PLS than 
can be detected visually (30wt%) from a peak on a spectrum, 
with an error of ±3.8wt%. 
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Clays are currently used in the manufacture of construc-
tion ceramics and other types of ceramics, essentially due to 
their plasticity, a property that is specific of clay minerals. 
Plasticity is developed through the clay minerals-water inter-
action and it allows the workability of the ceramic pastes, 
which is fundamental for the wet shaping of the ceramic pro-
ducts. However, the fabrication of any clay-based ceramic 
products is not possible if the clay exclusively consists of 
clay minerals. In such conditions the body shape is disrupted 
during drying and firing due to uncontrolled body retraction 
related to the excessive loss of both free and hygroscopic 
water. Quartz, mica, feldspar, other silicates and sometimes 
calcite, existing in the natural clay or added to the clay, can 
provide the adequate temper of the mixtures. 
Slip casting, extrusion and pressing are the most cur-
rently used types of ceramic processing. The last two 
processes can be used in the manufacture of construction 
ceramics. Extrusion requires a blend of raw materials in the 
form of paste, what means that for the shaping of the cera-
mic bodies at least one of the raw materials has to show 
adequate plasticity. 
On the other hand, pressing requires raw materials in the 
form of almost dry powder, plasticity being not a relevant 
property for shaping the ceramic bodies, and using high 
pressure presses of these days, ceramic bodies characterised 
by high intergranular cohesion can be produced. 
Clays—as most of the geologic products—are not renew-
able resources, and in many regions the currently mined clay 
deposits are close to the exhaustion. This problem is aggra-
vated since the exploitation of some other potential deposits 
is not possible due to legal, environmental or territorial 
planning constraints. 
Other geologic materials, such as, phyllites and low grade 
metamorphic schists of pelitic composition, also have to be 
considered as ceramic raw materials as replacements of clay 
deposits. Like in the clay deposits, different silicates, particu-
larly phyllosilicates, are the main components of these geo-
materials. The difference concerns the coarse-grain size and 
the higher mica and chlorite content exhibited by both 
phyllites and low grade metamorphic schists, as well as the 
higher density or compaction exhibited by these rocks. Even 
when finely ground these materials perform very low plasti-
city. On the other hand the ceramic products manufactured 
with them are characterised for the low rectraction they ex-
hibit during drying and firing. 
Studies on the potential use of phyllites and schists for 
the manufacture of construction ceramics, particularly floor 
tiles and massive facing bricks, have been carried out in 
recent years. Also, fine-grained silty or clayey soils, either 
residual or redeposited, can be used as raw materials to ma-
nufacture construction ceramics. The viability of the produc-
tion of construction ceramics using mixtures based essen-
tially on low-plastic or non-plastic raw materials, such as 
residual soils (andosols), lapilli and mud from the processing 
of aggregates derived from volcanic rocks has been assessed 
and the results are herewith disclosed and discussed. 
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Moisture expansion of clay-based ceramics diminishes 
both the quality and the durability of the manufactured pro-
ducts due to critical changes on certain physical properties, 
such as: dimension, shape and intergranular cohesion of the 
ceramic bodies. 
As a matter of fact, moisture expansion as an irreversible 
phenomenon is a real problem of paramount importance in 
the ceramic industry. It presently appears to be much more 
aggravated due to the non-compliance of clay paste composi-
tion and texture during the drying and firing processes which 
are becoming increasingly faster. 
Moisture expansion causes negative economic conse-
quences expressed on losses of both quality and durability of 
the ceramic products. 
After drying and before firing moisture reabsorption 
diminishes the energy of the physical bonds that have been 
established between the mineral grains of the ceramic raw 
materials on the dried ceramic body. Moisture reabsorption 
promoting the formation of water films around mineral 
grains and the penetration of water into the intergranular 
pores, represents a reverse process compared to the one that 
promotes the approximation and establishment of good con-
tacts between individual particles or particle aggregates due 
to the effect of drying. 
After firing, moisture reabsorption and the subsequent 
expansion of the ceramic body takes place as well, however 
in a slower rate, and it is most certainly related either to 
mineral composition, or to the adopted firing cycle, or to 
both factors. In what mineral raw materials are concerned, 
moisture expansion, essentially and in theoretical terms, is 
the result of the reactivity with water and consequent rehyd-
ration of both cryptocrystalline metaphases and glass being 
produced during firing, due to: 1) incomplete transformation 
of minerals to stable crystalline phases; 2) glass formation 
derived, either from the structural breakdown of clay mine-
rals, or from the partial fusion of certain components of the 
ceramic pastes. 
In the firing process, moisture expansion, essentially 
and in theoretical terms, is controlled by the following fac-
tors: 1) short duration of the firing cycles; 2) short resi-
dence time of the ceramic bodies at the maximum firing 
temperature. 
The firing temperatures of the studied facing bricks made 
from illitio and carbonate bearing clays were within the range 
850-900°C. At these temperatures the evolution of structural 
water, in the form of (OH) from mica-illite was found to be 
incomplete, as it could be demonstrated by both differential 
thermal analysis (DTA) and X-ray diffraction (XRD) analy-
sis. Also, the CaO formed from the decomposition of calcite 
did not fully reacted with SiO?. In what concerns the assess-
ment, in terms of quality decay due to moisture expansion, 
some relevant properties, such as, water reabsorption, and 
mechanical resistance to flexion and compression, were de-
termined on ceramic test bodies, after drying and after firing. 
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Alongside the northwestern bank of the "Lagoa das Fur-
nas", in Sao Miguel Island, Azores archipelago, there is a 
small area locally called "Caldeiras" that corresponds to a 
fumarolic field. 
The local ground is relatively hot being used as a natural 
kitchen, where cooking is performed burying pots of food 
properly closed in the earth at depths estimated at 1 m, appro-
ximately. The main traditional meals in this manner prepared 
is the famous "cozido" that consists of mixed meats (pork and 
veal) and vegetables, and the also famous "caldeirada de 
peixe" that consists of mixed varied types of fish. 
From the fumarole vents, hot springs, whitish smokes and 
dark greyish mud are profusely produced. 
The hyperthermal waters are highly acidic and the mud is 
assumed to be the result of the secondary alteration of rocks, 
mainly of trachytic composition, making the volcanic dome 
that fills the Furnas caldera. This caldera has derived from 
the collapse of the Furnas stratovolcano. 
The trachytic dome that was grown and built over a main 
vent has been submitted to thorough alteration, providing as 
end products, either whitish masses enriched in opaline silica 
or greyish muds enriched in clay minerals, particularly kaolin 
minerals. 
The present paper deals with both the mineralogical and 
chemical investigation of the mud referred to. X-ray diffrac-
tion (XRD) and X-ray fluorescence (XRF) analyses, using 
Philips diffractometer and spectrometer respectively, have 
been carried out on samples of bulk mud and of clay fraction. 
Bulk mud is composed of kaolinite, alkali feldspar, alu-
nite, calcite, marcasite and opal-A. On the other hand, the 
clay fraction of the mud consists of the same minerals, differ-
ing particularly by its higher kaolinite content. 
In terms of chemical composition the bulk mud sample is 
characterised as follows: Si0 2 40.51%; A1203 19.75%; T i0 2 
1.27%; Fe 2 0 3 2.72%; MnO" 0.05%; MgO 0.58%; CaO 
0.29%; N a 2 0 1.93%; K 2 0 2.78%; P 2 0 5 0.38%; S 0 3 4.77%; 
LOI 25.49%. 
Within the trace chemical elements the following deserve 
particular mention: Zr 1528 ppm; Ba 448 ppm; Sr 29 ppm; 
Zn 18 ppm; Sn 17 ppm; As 5 ppm; Pb 19 ppm; Cu 9 ppm; Ni 
13 ppm; Co 6 ppm; Cr 72 ppm; V 43 ppm. 
Also, mud grain size distribution has been assessed on 
the analysed samples using X-ray based grain size analyser, 
Sedigraph 5400. The extremely fine-grained mud is charac-
terised by the following granulometric parameters: 100% and 
30% of the particles exhibit e.s.d. less than 60 nm and 2 (xm, 
respectively; modal diameter 7 (xm; median diameter 4.5 urn. 
The specific micromorphological features of the mud par-
ticles were observed and recorded using scanning electron 
microscopy (SEM). 
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The various types of kaolins as representative raw mate-
rials for electric insulator ceramics were investigated in order 
to establish their influence on ceramics properties, defects 
and microstructure. 
The raw samples were tested by X-ray diffraction (XRD), 
differential thermal analysis (DTA), and infrared spectrosco-
py (IR) in order to define their mineralogical composition 
and structural characteristics. 
The thermal treatment of ceramic mixture and raw mate-
rial was carried out at 1300°C temperature for one hour. The 
microstructure resulted by firing was studied by optical and 
electron microscopy. The chemical composition of the crys-
talline and amorphous phases of the ceramic body was stu-
died by EDAX methods. The processing of the data acquired 
revealed some inhomogeneity in the microstructure of cera-
mic body. 
It is concluded that the final microstructure, defects and 
properties of ceramic products are influenced by chemical 
and mineralogical composition of raw materials. The present 
impurities (Fe and Ti bearing phases) have great influence on 
electric properties of the ceramics. The mineral phases pre-
sent in kaolin deposits have significant role in wet preparing 
(the presence of smectites increases the plasticity, but also in-
creases the fired shrinkage) of ceramic masses and crystalline 
phase formation during thermal treatment (poor or well crys-
tallised mullite and cristobalite). 
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Marls of different age and lithology occurring among 
flysch deposits of all tectonic units of Polish part of the Outer 
Carpathians contain smectitic minerals as dominant clay 
component. Complicated genesis of Carpathian marls (flysch 
sediments redeposited into deeper parts of sedimentary ba-
sin) is the cause of obliteration of their primary features. 
The studies of natural samples and of their separated frac-
tions (< 2 (xm and 2-0.2 fim; after removal of carbonates) 
have shown that in all the representative 24 samples of marls 
the crystal chemistry of the smectitic minerals is very similar. 
They are represented by dioctahedral smectitic minerals en-
riched in magnesium, containing about 90% expandable 
layers. The Hofmann-Klemen effect confirms the localisation 
of charge mainly in octahedral layer of this minerals. K-satu-
ration test has shown charge heterogeneities, i.e. the presence 
of high and low charge layers, whereby the former ones are 
prevailing. Dehydroxylation temperatures below 600°C and 
> 650°C indicate that the structure of these minerals consists 
of tv and cv layers. 
These properties indicate that the parent material of the 
smectitic minerals occurring in Carpathian marls was volca-
nic in character. Consequently, the occurrence of marly sedi-
ments in the Flysch Carpathians can be related to the periods 
of tectonic activity within their sedimentation basin. 
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Thermal history of Palaeozoic oil and gas source rocks 
occurring in the Western Pomerania is difficult to reconstruct 
mainly due to fault block tectonics resulting from its position 
near the Teisseyre-Tornquist line. Dinantian sedimentation 
basin is considered to represent the back arc basin, periodically 
intensely supplied with volcanic material, being the source of 
primary occurring smectite mineral. Consequently, the illite-
smectite geothermometer (illitisation of smectite) was used in 
this study. The Dinantian series is a slope-lagoonal sequence 
rich in organic matter. Therefore, it enables the application of 
organic geothermometer (vitrinite reflectance). 
As follows of the present studies, the thermal maturity of 
the rocks studied is variable, depending on the depth of 
burial of individual tectonic blocks. The results obtained by 
both geothermometers are compared for the Kotobrzeg and 
Drzewiany blocks, situated differently with respect to Teiss-
eyre-Tornquist line. Illitisation of smectite for the Drzewiany 
block and coalification degree of organic matter are lower 
than for the Kolobrzeg one. The content of expandable layers 
in mixed layer illite-smectite from Drzewiany block amounts, 
on the average, to cca. 15% what indicates medium-stage 
diagenesis, whilst for Kolobrzeg one it is below 10%, cor-
responding to late-diagenetic stage. Similar conclusions re-
sult from the measurements of vitrinite reflectance, amount-
ing to cca. 0.74%) for the Drzewiany block and cca. 0.86% 
for the Kolobrzeg one. 
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Mudrocks microfabrics are diverse and this diversity is 
the effect of sedimentation environment and of the processes 
taking place in sediment before, during and after burial. In 
the case of hydrocarbon source rocks the fabric analysis is of 
practical importance. 
In these study procedures were applied enabling simple 
and rapid measurement of ordering of the rock expressed as 
the mode of arrangement of its clay and non-clay compo-
nents (mainly quartz, mica and carbonate grains, as well as 
fragments of carbonised organic matter). To obtain a comp-
lete picture of rock fabric, the spatial distribution and particle 
to particle relation as well as the size and shape of pore space 
were also measured. 
Seven samples of mudrocks were selected for model stu-
dies, showing qualitatively distinctly differing fabric. These 
samples represent rocks of different age from Lower Carbo-
niferous to Tertiary. They were formed in different sedi-
mentary environments: continental (fluvial, lacustrine) and 
marine (shelf facies and sediments redeposited from shelf). 
They are characterised by similar of different composition of 
clay minerals, grains of coarser fractions than clay, carbonate 
content and advancement of diagenetic processes. Two of 
them are considered to represents hydrocarbon source rocks. 
The studies were carried out on three preparations from 
the fragments of rocks: thin sections for optical microscopy, 
standard SEM preparations and polished samples for SEM-
BS investigation. In elaborating the pictures fixed on micro-
photographs the mathematical morphology methods were 
used accessible in the APHELION program. 
These studies resulted in the proposal of quantitative 
scheme of classifying the fabric observed in optical and 
electron microscopy (SEM and SEM-BS). 
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The aim of the study was mineralogieal and geochemieal 
characterisation of the Upper Pannonian and Lower Pontian 
pelitic (marl) deposits. The Miocene deposits from Hrvatsko 
Zagorje represent the southwestern margin of the Pannonian 
Basin and the Central Paratethys realm. 
Researches included: X-ray diffraction analysis and chemi-
cal analysis of insoluble rock residue and < 2 jxm fraction of 
this residue, modal analysis of silt size fraction, as well as 
oxygen and carbon isotope analysis in carbonate component. 
Preparation of the samples for X-ray diffraction analyses of 
clay included dissolution of carbonate with ammonium acetate 
buffer (pH = 5), separation of the < 2 nm fraction according to 
Stake's law and preparation of the oriented aggregates of clay 
minerals. The X-ray diffraction in oriented aggregates was 
performed on air-dried, and ethylene glycol treated material, as 
well as on material heated to 400°C and 550°C. The quantita-
tive analyses were made according to procedure described by 
Schultz (1964). 
1. The proportions of clay minerals and other phases like 
calcite, quartz and feldspars are very variable. Dominant 
minerals in investigated rock are calcite (31-74%), quartz 
(5-21%), feldspars (1-5%) and clay minerals (18-50%), 
some samples also contain dolomite and pyrite. In the < 2 ^m 
fraction smectite (3-76%), illite (23-72%), chlorite (1-25%) 
and kaolinite(?) occur. Clay minerals are essentially detrital, 
most probably derived from surrounding Alps and Car-
pathian areas, and deposited from suspension in deep lake 
environment. According to the mineral content all samples 
are classified as marl or silted marl. Observed mineral com-
position of marls is in accordance with the results for Mio-
cene pelitic sediments of the Great Hungarian Plain given by 
Viczian (2002). Apart from that no systematic change in 
mineral composition was observed in rocks of different ages. 
2. The carbonate constituents were determined as calcite 
and low magnesium calcite (1-5% MgO). Calcite probably 
precipitated from solution, and suggest warm climate. Gra-
dual shallowing took place in investigated area in the Pontian 
time as a result of progradation of clastic systems in the 
south-southeastern direction (Kovacic et al., 2004). It is 
reflected by increased terrigeneous siliciclastic material and 
decreased calcite content. 
3. Dominant constituents in silt size fraction are quartz, 
feldspars, rock fragments (chert, quartzite and schists) and 
micas. Chlorite, limonite, pyrite, garnet, tourmaline, zircon, 
epidote and staurolite are present in small amounts. Composi-
tion of silt size fraction is comparable with the results of modal 
analysis for Upper Miocene sands from Hrvatsko Zagoije 
(Kovacic, 2004). According to Kovacic (2004) the results 
suggest Alpine and possibly Carpathian provenance, too. 
4. Observed differences in chemical composition are pri-
marily due to changes in proportions of silt and clay fractions. 
5. The results of oxygen and carbon isotope analysis are 
compared with results for the Miocene from Mátyás et al. 
(1996) and Geary et al. (1989). According to the results in 
the Pannonian and Pontian the temperature was app. 20°C 
and the climate was humid. 
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K-Ar dating, major and trace element chemistry of the 
illite particles were studied to elucidate the geochemical 
changes accompanying the illitisation of buried bentonites in 
the East Slovak Basin. K-Ar dating of different grain-size 
fractions containing illite crystals, provided that they are free 
from detrital contamination, could be indicative of the basin 
thermal and tectonic history as well as of the illite particles 
growth history. The narrow and old ages for the different 
grain-size fractions of the buried bentonites in the marginal 
parts of the East Slovak basin reflect rapid tectonic subsi-
dence and early uplift. The larger range and younger ages for 
the same fractions were observed "in case of the bentonites 
coming from the central part of the basin. They suggest slow 
burial and little or no uplift of the area. In bentonites with 
long-term illitisation process the variations in K-Ar ages 
could be used to deduce the illitisation mechanism. The onset 
of the illitisation process was recorded in the uppermost core 
of the borehole Cicarovce 1 (%S = 90%), giving zero ages. 
Decreasing ages with decreasing fraction size probably indi-
cate the dominant role of the nucleation and growth mechan-
ism in the early stage of the illitisation process. The opposite 
trend could be assigned to the dominant role of the surface 
controlled growth at the.final stages of the illitisation. Our 
experimental results are in a good agreement with the mo-
delling approach given by Srodori (2002). 
The negative linear correlation between AI2O3 and SiOj 
contents with the illitisation advancement shows the grade of 
A1 substitution for Si in the tetrahedral sheets. The same 
trend being observed between AI2O3 and MgO suggests in 
turn the substitution in the octahedral sheets. The mobility of 
V and Sc in the zone of diagenesis seems to be related with 
the degree of illitisation. 
Finally, REE mobilisation and fractionation was clearly 
documented in samples from the zone of diagenesis. Syste-
matic decrease of total REE content with decreasing clay size 
fraction indicates that REEs are not fixed in the clay crystal 
structure. Positive Eu anomaly is always connected with 
intensive illitisation and REE enrichment. However, the rela-
tionship between REEs and illite-smectite crystals is not yet 
clearly understood. 
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Finely crystalline mica is a common constituent of clay 
(< 2 (im) fractions from different soil types. It is widely 
accepted that it is mostly of inherited origin (e.g. Srodori, 
1999; Wilson, 1999 and literature cited therein). The mica 
could also be deposited in soil environments as an airborne 
dust (e.g. Sucha et al., 2001). Soil illitisation was also sug-
gested but not proved by many authors (e.g. Srodori, 1999 
and literature cited therein) and wetting and drying in most 
cases is suggested as the possible illitisation mechanism. 
Smectite illitisation was systematically studied in laboratory 
conditions by Eberl et al. (1986). It was concluded that 
except for basic conditions it consists in reorientation of 
smectite layers from turbostratic to semi-ordered. According 
to Srodori (1999; 2003 personal communication) soil illitisa-
tion remains still one of the unsolved problems of clay mine-
ralogy. Formation of illite in podzols from the Tatra Moun-
tains was suggested by Oleksynowa and Skiba (1976). 
This paper presents preliminary results of the research 
into the origin of finely crystalline mica from the podzol 
profile developed in the Tatra Mts. The studied weathering 
profile was selected because of its relatively high mica 
content and clear geological and mineralogical background. 
The profile consist of the podzol which is developed on the 
older weathering crust formed by physical disintegration dur-
ing the Pleistocene. In the profile seven soil horizons were 
distinguished (OFH, OH, AE, Bhfe, Bs, Bs-C, C). Bulk soil 
samples as well as the separated clay fractions (< 2 nm and < 
0.2 |im) were analysed with the use of XRD, FTIR and SEM-
EDS methods. Optical microscopy observations of the parent 
rocks and K-Ar dating of the selected fractions were also 
performed. The amount of clay fraction measured after the 
Jackson treatment vary from approximately 8% in the lowest 
C horizon to near 15% in the upper albic E horizon. The clay 
fractions composition is typical of the Tatra podzols deve-
loped from the crushed or disintegrated tonalites with in-
herited chlorite, dioctahedral and trioctahedral micas present 
in the lower soil horizons and dioctahedral micas, mica/ex-
pandable and kaolinite occurrence in the upper soil horizons. 
The upper albic E horizon of the soil studied is relatively rich 
in dioctahedral micas. SEM-EDS observations indicates that 
most of the mica grains show the morphology typical for 
inherited micas with corrosion gulfs and frayed edges. The 
presence of fibrous like forms with the chemical composition 
close to Fe-illite which overgrow biggest mineral grains may 
indicate mica crystallisation from the soil solution. The fibres 
are < 0.2 jim. The K-Ar data obtained from the < 0.2 (im 
albic horizon fraction gave the age near 152 Ma which is 
much younger than 310-320 Ma obtained for tonalite pri-
mary micas (biotite and muscovite). The data is probably 
connected with the presence of the mixture of the older inhe-
rited primary mica and the younger mica. The younger mica 
may be of the soil origin as well as it may be inherited from 
sericite and secondary muscovite which was observed in the 
parent tonalite. The possibility of its aeolian origin have to be 
also considered. The origin of finely crystalline mica from 
the podzol studied remains unclear. Further investigations in-
cluding detailed SEM-EDS observations as well as K-Ar 
dating of the soil, aeolian deposited mica and different gene-
rations of secondary mica from crystalline rocks are needed. 
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In Europe, bentonite occurrence in large quantities and 
high quality in Greece, Italy, Spain, Great Britain, Cyprus, 
Bulgaria, Hungary, Romania, Czech Republic and Slovakia 
is known. Most of deposits belong to open-cast mining and 
contain Ca-montmorillonite as the main component. The Ca-
bentonite can be transferred to Na-type for utilisation in 
finished products for a very broad range of industrial applica-
tions. Until recently, exclusively sodium bentonite has been 
used in practice. The most important properties of sodium 
bentonite are high specific surface area (the very small par-
ticles compared to e.g. cement), high swelling capacity, the 
cation exchange capacity and low permeability. Bentonite is 
therefore a unique clay mineral with very high swelling po-
tential and water adsorption capacity. 
Cement is a system composed of clinker minerals and 
gypsum that react with water at different rates giving hydra-
tion products of various composition and crystallinity. Type 
and volume of the formed hydration products influence poro-
sity, strength and other engineering properties of hardened 
final product. The use of only Portland cement generates 
some undesirable problems with shrinkage-expansion beha-
viour, chemical resistance and durability of cement compo-
sites. To this end, much attention in recent years is devoted 
to the development of new generation cements with the aim 
to improve physical-mechanical properties, chemical and 
environmental resistance, non-permeability and durability of 
final products. However, these cements are mainly suitable 
for concrete making technologies. The next idea (appeared 
approximately 50 years ago) was to get a synergetic effect by 
a combination of swelling (sodium bentonite) and non-swell-
ing minerals (cement) for specific construction techniques 
(vertical barriers known as slurry cut-off walls). It is known 
that the first cut-off walls were built in the USA in 1945 
having 12 m depth and 1.20 m thickness. In the present days 
slurry cut-off walls reach depth 20-30 m up to 60 m and vary 
in thickness between 0.6 and 1.2 m. Generally, two main 
production techniques are known for slurry cut-off walls: 
two-phase and one-phase method. The two-phase method is 
based in the first step on the bentonite suspension only that 
fills and stabilises the excavated trench. It is replaced in the 
second step by the concrete. This method is rather time-con-
suming, laborious and expensive. Therefore it was tried to 
replace two steps by the only one based on filling up the 
trenches by one sealing material. For this aim the bentonite 
suspension was mixed with cement during excavation for 
stabilisation of the trench. After excavation, the cement-ben-
tonite suspension stayed in the trench creating after harden-
ing permanent casting and sealing element. 
The technological requirements on the cement-bentonite 
suspension for slurry cut-off walls are: stability and homo-
geneity after mixing with water having suitable viscosity 
(flow ability measured by the Marsh cone) and low water 
decantation. The claim to be achieved is to manufacture a 
cement-bentonite suspension that stays workable and flow 
able during the excavation period of several hours without 
any separation effects having in the final effect sufficient 
mechanical properties and chemical resistance. It is of great 
importance because compressive strength of cement-bento-
nite suspensions varies between 0.1 and 1 MPa up to 2 MPa. 
This is due to high water to cement ratios (1 to 3 and more). 
Sufficient chemical resistance is an essential requirement for 
slurry cut-off walls. This is caused by the fact that statistical 
reviews have found that more than one half of subsurface 
waters have aggressive effect on the hardened cement-bento-
nite suspension. Moreover, in the case of slurry cut-off wall 
deterioration, the^protected surrounding will suffer by the 
hazardous chemical substances. 
This paper shows the results of the chemical resistance of 
the cement-bentonite suspension with adjusted flow ability 
(Marsh test varies between 42 s and 45 s), water decantation 
less than 2vol% per 24 hours of suspension sedimentation in 
1 litre cylinder and having 28-day compressive strength of 0.5 
MPa. The suspension consisted of blast furnace slag Portland 
cement СЕМ II / A - S 32.5 (cement plant Povazska cemen-
taren, a.s. Ladee) and sodium bentonite from Jelsovy Potok 
deposit delivered as the final product Bentovet К (Gemerská 
nerudna spolocnost', a.s. Hnusta), both from Slovakia. The 
suspension mixture composition on 1 m3 is: 323 kg of cement, 
27 kg of Bentovet К and 885 1 of water (water to cement ratio 
= 2.74). The suspension was prepared by activated mixing to 
comply as much as possible with ready-mixed suspensions on 
the construction sites. The basis for the use of testing of agg-
ressive solution is given in STN 73 1215 Concrete Struc-
tures—Classification of Aggressive Environments. It is worthy 
to mention that the published criteria in the above Standard are 
valid for concrete only and not for cement-bentonite suspen-
sions having compressive strength ten to hundred times lower 
compared to concrete. No Standard related to cement-bento-
nite suspensions has been issued until now in the world. The 
chosen aggressiveness modified with regard to these facts re-
presents the combined chemical attack of magnesium, chlo-
ride, ammonium and sulphate ions contemporarily. Long-term 
resistance of the suspension is described and assessed as well 
as cement-bentonite interaction and microstructure develop-
ment of the specimens kept in reference water or exposed to 
aggressive medium are discussed too. 
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Recently, several authors focused on the reconstruction of 
the structural evolution of the border zone of the Alps, Dina-
rides and the Pannonian Basin (e.g. Haas et al., 2000). Mount 
Medvednica represents one of the largest southwestern 
outcrops of this border zone, i.e. the Zagoije-Mid-Transda-
nubian Zone. 
In this study we are dealing with the metamorphic evolu-
tion of three tectonostratigraphic units of Mount Medvednica 
listed here from the bottom to the top: the Middle Jurassic-
Early Cretaceous ophiolitic mélange, the Palaeozoic complex 
and Late Cretaceous-Palaeocene overlying sequence (Pamic 
and Tomljenovic, 1998) using coal rank (vitrinite reflec-
tance), X-ray powder diffraction (XRPD) based characteri-
sation of the fine dispersed carbonaceous materials and for 
comparison, phyllosilicate "crystallinity" indices (illite Kiib-
ler and chlorite Arkai indices), apparent mean crystallite 
thickness and lattice strain data obtained by the Voigt me-
thod and chlorite empirical Al(IV) geothermometers. 
Random, maximum and minimum vitrinite reflectance 
and bireflectance data were measured on organic material 
(OM)-rich phyllite, slate and shale samples from the three 
studied units. Maximum reflectance values (Rmax) of phyllite 
samples from the Palaeozoic complex vary between 6.88% 
and 9.76%, minimum reflectance (R,™) data fall in the range 
of 1.26-2.33% providing bireflectances from 4.81 to 7.85%. 
These values indicate meta-antracite-semi-graphite stages 
corresponding to epizonal conditions exceeding 300°C. Se-
lected dispersed OM-rich samples from the Palaeozoic 
complex were prepared for XRPD studies in order to deter-
mine the 002 peak position and the height/full width at half 
height dates of the organic material. According to Landis 
(1971) the measured peak positions (3.35-3.36 Á) corres-
pond to the graphite-d| stage in the graphite-d-graphite 
series. Graphite-d| stage records temperature below 400°C, 
but requires at least greenschist facies, chlorite zone condi-
tions. These data compared to illite Kübler and chlorite Árkai 
indices, crystallite thickness and lattice strain values and to 
temperature data obtained by the chlorite Al(IV) geothermo-
meters underline high temperature anchizonal-epizonal con-
ditions falling in the range of 300-400°C. 
Random vitrinite reflectance values of shales from the Ju-
rassic-Cretaceous ophiolite mélange and from the Cretaceous-
Palaeocene complex are cca. 2.15% and 1.6%, respectively. 
These data agree fairly well with the illite Kübler and chlorite 
Árkai indices, crystallite thickness and lattice strain values, 
which prove conditions corresponding to the late-diagenetic 
zone and transitional between the diagenetic and anchizones. 
Organic maturity data compared to phyllosilicate "crys-
tallinity", crystallite thickness and lattice strain results are 
complementary tools to determine metamorphic conditions 
of fine-grained siliciclastites containing no diagnostic, facies 
indicating mineral assemblages. 
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GEOLOGY, MINERALOGY AND THE USE OF THE BENTONITE CLAYS 
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Perrenjasi bentonite ore deposit is situated in the south-
western part of Albania. It is located in the Quaternary 
(Holocene) sediments of the Perrenjasi graben structure, 
which is surrounded by the Middle Jurassic ultramafics, Up-
per Jurassic-Cretaceous flysch, Upper Cretaceous limestones 
and Middle Oligocene flysch. The Quaternary deposits are 
composed of two main sequences: 1) lake-alluvial sediments 
(Q3-41-') (clays containing pebbles of varying composition, 
intercalated with small silt, sand and gravel layers); 2) allu-
vial-proluvial sediments (Q/1-1") (gravels, sands and clays). 
The productive bentonite layer is found in the upper part of 
the second sequence. It is covered by a thin humus layer. The 
clay deposit is several hundred m long and 4 m thick. It is 
relatively homogeneous, but locally silty and sandy layers 
are also recognised. The clays are of brownish to black, grey-
ish to dark grey colour. They are soft, plastic, and greasy and 
soap like to the touch and have swelling capacity. 
The Quaternary deposits of the Perrenjasi graben are consi-
dered of the lacustrine-alluvial-marshy origin. The area is 
inferred a semi-closed basin with only slightly perturbed sedi-
mentation regimen. The ultrabasic rocks, carbonates, gneisses, 
acid magmatic pebbles of Oligocene conglomerates, basic vol-
canics, and various sedimentary rocks are the source rocks 
leading to the formation of the basin sequences. 
Prospecting geological works are carried out for the clay 
deposit assessment. A regular prospecting net 50><50 m and 
100x50 m is applied. The hand-made boreholes drillings of 
7 -16 m depth and 4 - 5 m deep pits are performed. The works 
are accompanied by regular sampling. The qualitative evalu-
ation of the clays is made using chemical, mineralogical, 
X-ray diffractometric, differential thermal analyses. 
On the basis of 84 analyses the average chemical com-
position of the clays is: S i0 2 49.84%, A1203 7.61%, Fe 2 0 3 
12.6%, T i0 2 0.49%, CaO 1.52%, MgO 9.025%, Ni 0.2%, 
Co 0.018%, Mn 0.005%, N a 2 0 0.52%, K 2 0 0.49%, LOI 
17.8%. Average granulometric composition is as follow: 
gravel 7%, sand 19%, silt 25%, clay 49%. Plasticity number 
Ip = 26 At, volume weight y = 1.8 gr/cm3, Specific weight 
A = 2.2-2.6 gr/cm3. X-ray diffractometric analyses supplied 
these data: montmorillonite 65%, illite 1%, kaolinite 4%, 
quartz 21%, feldspar 1%. The heavy fraction is composed 
of hematite, magnetite, and ilmenite. The analytical data 
suggest that Perrenjasi clays belong to montmorillonite 
group. 
The clays are named bentonites because they show the 
ability to swell in water, to be slaked and activated by acid. 
They are used mainly to prepare oil and ore deposits well 
drilling mud. The mixture of 65-98% water and 2-30% clay 
is the most appropriate one. Some time, small additives are 
used as well. Another industrial use is their activation with 
2 -3% Na 2 C0 3 and 0.2-0.3 Na(OH) (solution). Generally, 
these clays are considered as highly active. The local people 
used the clays as soap, because they indicate good washing 
properties. At the same time, they are used as cleaning mate-
rial of general utilisation. 
The exploitation conditions are environmentally friendly. 
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The amorphous geopolymer structures originate by the 
reaction of metakaolin and metasilicate of the alkaline metals. 
Some rise from the mixture of calcined kaolin with the hydr-
oxides of Na or K in the furnace. Fig. 1 presents XRD pattern 
of the calcined metakaolin with NaOH. It is possible to 
recognise three mineral phases in this pattern. The first is hyd-
roxisodalite originated from the recrystalisation of thermally 
alkali activated metakaolin on air and the other two are ori-
ginally present minerals in kaolin, quartz and mica. The pre-
sence of hydroxisodalite or zeolites in the composite materials 
is an evidence of the origin of the geopolymer matrix. The 
composite in the form of cube was prepared from thermally 
activated metakaolin in the environment of NaOH and KOH, 
slag and an appropriate amount of water. Three sets of expe-
riments were prepared differing in the ratio between metakao-
lin and slag (the system without the slag, 10:90 and 50:50) 
without further addition of alkaline to this mixture. The cubes 
were heated in an oven for 5 hours at 80°C in the plastic foil 
and 5 hours at the same temperature without the plastic foil. 
After a period of one week the cubes were either heated at the 
temperature 100 and 140°C with or without presence of water 
in the autoclaves for 24 hours and one sample from each series 
was left to spontaneous ageing. After autoclave treatment and 
spontaneous period of the ageing the cubes-were subjected to 
the measurement of the mechanical strength, X-ray powder 
diffraction and selected samples were measured by 27A1 MAS 
NMR and 29Si MASNMR. 
The geopolymer contained in the composite material is 
rigid (inactive) because sufficient strengths were not attained 
at temperature of ageing 25°C (Fig. 2). The higher compres-
sive strength in the composites is achieved either by the addi-
tion of the suitable binding material (slag) or by the heating of 
metakaolin in autoclave at 140°C. The amorphous geopolymer 
changes by the development of higher compressive strength of 
the composites on the crystalline byproducts namely phillip-
site, zeolite X or hydroxisodalite. The "structure" of the geo-
polymer is changed by fitting silicates Na and K resulting from 
the dissolution of quartz at 140°C. This process is probably 
responsible for the development of higher compressive 
strength of the system. If the system contains 50% of the slag 
then the compressive strength is as much as 77 MPa after auto-
claving cubes at 140°C in the system without H 2 0 . Phillipsite 
and hydroxisodalite were detected in both experiments carried 
out at 140°C. The decreasing alkalinity of the composite sys-
tem (ratio 10:90) adversely influences compressive strength 
and as well the dissolution of quartz. At 140°C in the system 
with H 2 0 tobermorite crystallises from the CSH gel which 
originates by the alkaline activation of slag. In addition weak 
reflections of zeolite X appeared in the pattern. The system of 
thermally and alkali activated geopolymer with binder is a 
suitable means of laboratory examination of time-dependent 
interactions in composites. 
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54 www. sei. u-szeged. hu/asvanytar>/acta. htm 54 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
CURRENT KNOWLEDGE ON THE LAYER CHARGE OF CLAY MINERALS 
KOMADEL, P. 
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Presentations given on the preconference workshop de-
voted to layer charge, one of the most important characteris-
tics of clay minerals, to be held in Smolenice, Slovakia, on 
18 and 19 September 2004, will be summarised. 
The invited lectures include: 
• cation exchange capacity and layer charge of clay 
minerals; 
• use of the NH4+ - IR signal to study the layer charge 
of clay minerals; 
• a new method for determination of layer charge and 
charge distribution of smectites; 
• influence of layer charge on hydration, swelling and 
cation exchange properties of smectites in aqueous systems; 
• structural Fe(III) reduction in smectites; 
• charge of component layers in illite-smectite; 
• distribution of atomic charges in models of smectite 
layers; 
• the alkylammonium method in the lab: From prepa-
ration to calculation of the layer charge of smectite; 
• effect of the layer charge of smectites on optical 
properties of organic dyes; 
• critical evaluation of methods of determining layer 
charge; 
• optimising layer charge for sorption, catalysis and 
composites. 
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Clay minerals play a very important role in nature, since 
they have ability of adsorption and ion exchange. The replace-
ment of the octahedral Al3+ by Fe2+, Mg2+, and that of the tetra-
hedral Si(IV) by Al3+ results in negatively charged layers. It is 
neutralised by the intercalation of exchangeable hydrated 
cations. There are lots of papers dealing with the structure, 
properties and reactions of cation exchanged clay minerals. 
Though many works deal with the reaction of manganese and 
clays, as far as we know, no work dealt with the ageing of 
Mn(II)-montmorillonite. The change of the oxidation state of 
manganese compounds (that is the effect of ageing) was inves-
tigated by some workers, but clay minerals were not involved. 
Some clays can adsorb different organic substances in the 
interlayer space, and can catalyse various organic syntheses. 
Therefore it is very important to study in what extent various 
cation exchanged montmorillonites can adsorb organic sub-
stances. The adsorption of valine on calcium-, copper-, zinc-
montmorillonite and montmorillonite KSF was investigated 
by Nagy and Konya (2004). 
In this work the structure and properties of fresh manga-
nese(II)-bentonite was compared with that of an old substance. 
It was concluded that the oxidation state of Mn changed during 
the years. This did not cause many changes in the scanning 
electron microscope (SEM) and in the X-ray diffraction 
(XRD) studies; caused minor changes in the Mn-concentration 
(determined by XRF), thermoanalytical and electron spectro-
scopy analysis (ESCA). The change in the oxidation state of 
manganese was highly indicated by the colours of the samples 
(fresh had a light colour, while the old one was dark brown), 
the difference in the surface sites, titration curves, redox poten-
tials, adsorption and catalytic activity of the fresh and the old 
Mn-bentonite. Potentiometric titration data were evaluated by 
surface complexation model (Davis et al., 1978) using 
FITEQL3.2 program (Herbelin and Westall, 1996). Stability 
constants of edge charge reactions, the number of aluminol, 
silanol and edge sites (X") were calculated, and shown in the 
table below. Potentiometric titration data of commercial and 
freshly made M n 0 2 were also evaluated; the calculated cons-
tants and site numbers were compared with that of found in 
literature. Catalytic and adsorption activity of the samples 
were also investigated. It was found that fresh Mn-bentonite 
does not adsorb valine, while the old one and Mn0 2 does. 
Fresh Mn-bentonite does not catalyse the decomposition of 
H202 , while the old one as well as M n 0 2 does. 
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Table 1: 
Fresh Old Commercial Fresh 
Mn-bentonite Mn-bentonite M n 0 2 M n 0 2 
logK (AlOH + H+ <=> A10H2+) 7.365 8.092 - -
logK (AlOH - H+ <=> AlO") -7.184 -8 .165 - -
logK (SiOH - H+ <=> SiO~) -5.086 -7 .065 - -
logK (MnOH + H+ <=> MnOH2 +) - 4.581 4.266 2.629 
logK (MnOH - H+ <=> MnO~) - -7 .447 -6 .387 -3.331 
[MnOH]lola, (mol/g) - 2.69E"3 5.193E"
4 3.49E"3 
[A10H]tola, (mol/g) 2.72E^ 1.06E"4 - -
[SiOH]total (mol/g) 2.3 2E~3 1.804E^ - -
[X"]tolal (mol/g) 1.04E
-3 2.643E^ - -
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MIGRATION OF RADIONUCLIDES THROUGH BENTONITE LAYERS 
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A concept for the storage of radioactive and other wastes 
envisages the use of bentonite layer as buffer material in 
deep geological disposal. The condition of this application of 
bentonites is the understanding of the migration processes of 
radionuclides in bentonite and surrounding geological envi-
ronment as well. In this presentation the rigorous mathema-
tical solution of the general migration equation is shown for 
linear radionuclide transport, spatial transport in isotropic and 
anisotropic medium. All solutions can formally be reduced to 
the Fick's second law. The adsorption of the radionuclides is 
also included. 
The migration equation for linear transport is checked by 
migration of Cl-36, Cs-137, and Sr-85 isotopes through 
bentonite layers. 
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"Jakusevec" is the main waste disposal site of Zagreb, the 
capital of Croatia. As the leachate from the dump may have a 
negative impact on the city drinkable water supply system, a 
reconstruction of the dump into a sanitary landfill started few 
years ago. From the considered alternatives of remediation, it 
was finally decided to construct the impermeable bottom liner 
and cover systems, both of which should be made by the usage 
of natural soil materials and different types of geosynthetics. 
Geosynthetic clay liners (GCLs) are used within the cover sys-
tem as a low permeability barrier layer. GCLs are manufac-
tured barriers composed of mineral material (mainly bentonite) 
and synthetic carriers (different types of geotextiles). The main 
purpose of GCLs at landfills is to control i.e. to minimise the 
water infiltration into the waste body. Because of the extreme-
ly low hydraulic conductivity, GCLs, although very thin (5-7 
mm), are used as a replacement for thick compacted clay liners. 
In order to fulfil the requirements for landfill applica-
tions, GCLs were subjected to the manufacturing quality 
control during the production and to the quality assurance 
procedures at construction site. According to quality assu-
rance testing program at the Jakusevec landfill, mineralogical 
and physical properties of bentonite component were deter-
mined. Testing program consisted of: XRD-analysis, swell 
index test of clay mineral component of GCL (ASTM D 
5890), fluid loss test of clay component of GCLs (ASTM D 
5891-95) and water absorption capacity (DIN 18 132). 
Swell index (free swell) and water absorption capacity 
(Fig. 1) are index tests which quantify the swelling property 
of GCLs mineral component. These test methods are useful 
for establishing the relative quality of a clay component in a 
simple and quick way. Fluid loss is a very quick method of 
determining a bentonite's ability to perform as a hydraulic 
barrier i.e. to create a seal. A low fluid loss value indicates a 
low permeability value, too. 
Some test results are given in Table 1 for two types of 
GCLs. By the comparison of prescribed and measured values 
it can be concluded that these two types of GCLs fulfil, in 
general, the project requirements. 
Table 1: Laboratory test results 
Index test Prescribed values 
Measured values 
Bentomat T -16 Saltex 30 
Water adsorption capacity (DIN 18 132) > 450% (Na-bentonite) 410-555 430 
Swell index (ASTM D 5890) > 2 4 ml 30-34 24-25 
Fluid loss (ASTM D 5891) < 18 ml 10-12 9 
Water adpsorption 
(%) 
A p 5 ¡T k — - - - - .... 
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Fig. 1: Water adsorption capacity test results for Bentomat T -16 
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The well dispersed homogeneously mixed oxides are form-
ed during thermal decomposition of hydrotalcite-like com-
pounds (layered double hydroxides) and therefore the hydro-
talcite-like precursors are often used for preparation of mixed 
oxide based catalysts. Hydrothermal treatment of the pre-
cursors may increase their crystallinity and particle size, 
depending mainly on temperature and time of the crystallisa-
tion process. The layered crystal structure of hydrotalcite-like 
compounds collapses during the thermal decomposition and 
the oxides obtained at moderate temperatures are rather amor-
phous but a relation between the precursor crystallinity and 
properties of prepared catalysts may be considered. 
The Ni-Al layered double hydroxide with Ni/Al molar 
ratio of 2 was prepared by coprecipitation. The obtained sus-
pension was hydrothermal ly treated in autoclaves under auto-
geneous water vapour pressure at 180°C for 4-20 hours. The 
washed and dried precursors were then formed into extrudates 
and calcined at 450°C. The prepared precursors and calcined 
products were characterised by powder X-ray diffraction, 
scanning electron microscopy, BET surface area and pore size 
measurements, Raman spectroscopy and temperature prog-
rammed reduction. The prepared Ni-Al mixed oxides were 
also tested in the catalytic decomposition of N 2 0 . 
A hydrotalcite-like phase of relatively low crystallinity 
was present in the coprecipitated product. Together with hyd-
rotalcite diffraction lines, some slight unidentified diffraction 
lines were found in the powder XRD patterns of hydrother-
mally treated samples. The integral intensity and full width 
in half maximum (FWHM) of diffraction (003) and (006) 
lines were evaluated to compare the crystallinity of samples 
hydrothermally treated for various times. The integral inten-
sity of both diffraction lines increased with time of hydro-
thermal treatment. A significant decrease of FWHM values 
in a relatively short time (4 hours) was observed, then the 
time dependence of the FWHM values was less evident. The 
hydrothermal treatment caused also a decrease in the surface 
area and porosity of the coprecipitated product. The SEM 
images showed a considerable increase of crystal size of the 
hydrothermally treated samples. 
Samples calcined at 450°C contained NiO (bunsenite), no 
other crystalline phases were detected. The XRD patterns of 
calcined samples showed only a slight difference in the integ-
ral intensity of NiO diffraction lines but a gradual decrease of 
the FWHM values with increasing time of the precursor hyd-
rothermal treatment was observed. The hydrothermal crystalli-
sation of precursors considerably influenced the reducibility of 
calcined samples. The maximum reduction of the studied 
mixed oxides shifted to higher temperatures with the time of 
precursor hydrothermal treatment (from 525°C measured for 
sample without hydrothermal treatment to 580°C for sample 
treated for 20 hours). The total H2 consumption in the tempe-
rature interval 20-800°C was nearly the same for all calcined 
samples but the H2 consumption measured between 350 and 
450°C decreased with time of hydrothermal treatment. On the 
other hand, the hydrothermal treatment of precursors slightly 
increased the catalytic activity of obtained mixed oxides in the 
catalytic N 2 0 decomposition. 
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Table 1: 
Time of precursor 
hydrothermal treatment 
[hour] 
FWHM of diffraction lines [°20] 






0 4.083 3.820 0.72 382 
4 0.591 3.217 0.29 374 
8 0.509 2.679 0.24 378 
20 0.393 2.460 0.17 370 
* Temperature at which 50% conversion of N 2 0 was achieved (0.1 g o f catalyst, 1000 ppm N 2 0 in He, flow rate 100 ml min ') 
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Although organoclay complexes occur everywhere in 
nature, the systematic study of clay-organic interactions started 
only at the beginning of the last century using mainly X-ray 
diffraction and DTA techniques (Yariv and Cross, 2002). 
From the early sixties, simultaneous TG-DTG-DTA analysis 
(by means of the Derivatograph) opened a new chapter in this 
field of research. 
During the last decades of the century the appearance of 
highly sophisticated instruments (e.g. TG-MS, FTIR, Raman 
microscope) contributed enormously to the progress of clay 
science. This "interdisciplinary" approach offered the possi-
bility of setting up more refined structural models for e.g. 
intercalation complexes based on the reliable measurement 
data of complementary nature. 
In the present paper the potential of this multi-method 
approach is demonstrated via the investigation of hydrazine-
intercalated kaolinites using XRD, TG-DTG-MS, CRTA, 
FTIR and Raman microspectroscopy (Kristóf et al., 2002; 
Horváth et al., 2003; Frost et al., 2002). The continuous mo-
nitoring of the gas phase composition, the IR/Raman spectra 
of the bonded reagent and the host mineral, as well as the 
diffractometric pattern of the complex as a function of the 
temperature offers a unique possibility of precise determi-
nation of the complex structure. Identification-discrimination 
of active inner and outer surface sites of different bonding 
strengths can contribute to the better understanding of clay-
organic reactions. With accurate mass loss data, the amounts 
of differently bonded reagents can be determined. The role of 
water in the formation of the intercalation complex, in the 
subtle nature of the decomposition process in different envi-
ronments, as well as in the understanding of the mechanism 
of partial collapse and re-expansion can be cleared based on 
the results of the different spectroscopic analyses. 
The reactivity of kaolinite can be improved by mechano-
chemical activation. With the intercalation and the subse-
quent thermal deintercalation of mechanochemically treated 
kaolinite superactive centres can be produced. With this 
method the properties of surface-modified minerals can be 
tailored to different applications. 
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Integrated geological and geophysical study of seabed 
sediments of the Bear Island region, southwestern margin of 
the Barents Sea, allowed to characterise sediments of various 
types related to the action of hydrocarbon fluids, hemipelagic 
sedimentation, slope processes and combined influence of all 
these factors. Relatively homogeneous sediments are subdi-
vided into several sedimentary types based on the grain size 
distribution. Ratios of clay minerals, as well as their morpho-
logical and structural characteristics, are described for each 
type. Clay minerals include illite, chlorite, kaolinite, smec-
tite, illite-smectite and chlorite-smectite mixed layers. 
Hemipelagic sediments are characterised by high illite 
content (60-70%) and low content of smectite and mixed 
layer minerals (less than 10%). Hemipelagic interval, cha-
racterised by increased silt content (interval B) also had 
higher content of mixed layer minerals. It is concluded that 
episode of formation of the interval B coincided with an 
additional source of material supply probably related to the 
discharge of ice-rafted material. Such intervals are usually 
bedded. 
According to published data, roots of the Haakon Mosby 
mud volcano are located at a depth of about 3000 m. From 
the Pliocene the Bear Island region was receiving sediments 
formed in the areas of erosion on the Barents Sea shelf and 
subsequently transported downslope. A major part of the 
Barents Sea area was dominated by sediments with the illite 
content higher than 60%. Sediments collected from the mud 
volcano are characterised by high (40-50%) contents of 
smectites and illite-smectite mixed layer clay minerals. Mi-
xed layer clay minerals of the illite-smectite series are pro-
bably formed as a result of the transformation of illite under 
the influence of hydrocarbon fluids. Such transformations are 
thought to take place in sediments affected by mud volca-
noes, clay diapirs, and fluid discharge. 
The clay mineral composition of sediments collected 
from different slopes of a local high of unknown origin is 
very similar to that of hemipelagic sediments including low-
density turbidites and probably contourites. Grain size distri-
bution indicates the nepheloid character of sediments. The 
high appears to be different from other similar structures in 
the area formed by clay diapirs and is thought to be a head-
wall of a large submarine slide. 
Based on the mixed layer clay minerals (illite-smectite 
series)/kaolinite ratio, diapiric structures are divided into the 
smectite (early) and kaolinite (late) generations. The Haakon 
Mosby mud volcano is related to the late generation. 
The obtained results demonstrate that hemipelagic sedi-
ments have often undergone redeposition and were incorpo-
rated in turbidites and contourites. Redeposited diapiric and 
hemipelagic material detected in nepheloid sediments suggests 
that they were derived from slopes of local highs represented 
by diapirs or structures like slide headwalls. 
This work was supported by the Russian Foundation for 
Basic Research, projects nos. 02-0564017 and 03-05-06241. 
Data were provided by UNESCO-MSU Centre for Marine 
Geology and Geophysics and VNNI Oceangeology. 
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Rock reservoir properties are particularly important for 
estimation of reserves of an oilfield and for designing the 
optimal strategy of its exploration. Porosity and permeability 
can be estimated by geophysical well logging, core sample 
analyses and other methods. 
Individual grains form a hard framework of cemented 
clastic rocks which change very little during catagenesis with 
almost no effect on pore space. Therefore, reservoir proper-
ties of the rocks depend mostly on composition of clay mi-
nerals, their origin and structure. Thus, knowledge of clay 
minerals composition and identification of degree and stages 
of their alterations are very important for understanding 
reservoir properties of rocks. . 
Upper Jurassic and Lower Cretaceous rocks of Vartovskiy 
Arch are represented by arkosic fine-grained sandstones, silt-
stones with clay cement and bedded silty-clayey rocks. Clay 
cement always consists of a mixture of illite, chlorite, kao-
linite, smectite and mixed layer illite-smectite and chlorite-
smectite. Kaolinite and chlorite have significant variations of 
content and are in negative correlation with each other. Illite 
and smectite are allogenic and illite-smectites were formed 
during post-depositional transformation. 
Contents of chlorite and kaolinite varied through geologi-
cal time. Rocks from Upper Jurassic to upper part of Lower 
Cretaceous are characterised by continuous increase of chlorite 
content which abruptly decreases by Cenomanian time and 
kaolinite becomes a dominant clay mineral in Cenomanian 
rocks. Authigenic clay minerals were formed in several stages. 
Initially, during catagenesis, chlorite crust was formed. Later, 
after oil infiltrated the interval, the crust has undergone disso-
lution with simultaneous formation of kaolinite cementation. 
Authigenic chlorite and kaolinite were formed in pores of dif-
ferent size and type. Chlorite was forming crusts around grains 
of fine-grained sandstones and siltstones with smaller pores. 
The peak of chlorite formation was in Late Valanginian. Allo-
genic chlorite is also found in small amounts as clastic grains. 
Authigenic kaolinite is represented by two types: large, 
chaotically arranged flakes, infilling the whole pore space 
and loose vermicular aggregates of up to silt in size. The for-
mer type is fund predominantly in small pores of the Upper 
Jurassic bedded clayey-silty rocks along with authigenic 
chlorite. These rocks have the worst reservoir properties 
among the studied formations. The latter type is found most-
ly in Cenomanian rocks with the minimal chlorite contents. It 
is thought that the large pore size facilitated almost complete 
dissolution of the initial chlorite crust and subsequent forma-
tion of the vermicular kaolinite aggregates. A mixture of both 
types is found in Valanginian rocks with medium-size pores 
and good reservoir properties. 
It is generally believed that formation of authigenic 
chlorite degrades reservoir properties while formation of 
kaolinite does the opposite. Our study showed that this may 
not always be the case. Although formation of chlorite does 
decrease porosity, the permeability may remain the same or 
even increase. Formation of kaolinite can have both, posi-
tive and negative, effects on reservoir properties. It is found 
that morphology of the kaolinite crystals depends on pore 
size. 
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The colloidal state is an important property in small- and 
large-scale applications of bentonite dispersions. The clay 
minerals can be dispersed forming stable sols, coagulated or 
flocculated in form of more or less dense floes, or stiffen to 
gels. Phase diagrams (salt concentration vs. bentonite con-
tent) of bentonites in water are characterised by domains of 
sol, coagulated states, and two types of gels ("repulsive" and 
"attractive" gels). The addition of polymers provides a 
simple method to increase or decrease the different domains, 
i.e. to induce a wanted state (sol, coagulated, flocculated, or 
gel) at a wanted bentonite content. Examples are given for 
bentonites in the presence of cationic poly(ethylene oxides) 
(macromolecules with a cationic charge at the ends). The 
phase diagrams of the bentonite dispersions reveal increasing 
steric stabilisation against flocculation by increasing poly-
e thylene oxide) addition. 
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Water is the solvent of ecosystems, and smectites are the 
most abundant class of clay minerals found in soils and surfi-
cial sediments throughout the world. Thus, understanding of 
chemical reactions between anthropogenic organic molecules 
and smectite surfaces in aqueous systems is crucial for un-
derstanding the fate of pesticides and other organic contami-
nants in natural environments. 
On a macroscopic scale smectites are strongly hydrophilic, 
however the hydrophobic-hydrophilic character of smectite 
surfaces varies dramatically on a molecular scale. Basal oxy-
gens proximal to sites of isomorphous substitution carry a 
partial negative charge and are amenable to polar interactions. 
These surface charge sites interact with water molecules sol-
vating the charge balancing interlayer inorganic cations. Polar 
moieties of neutral organic molecules typically are not compe-
titive with water molecules for surface charge sites, and there-
fore interact with water molecules solvating the inorganic 
cations. Basal oxygens distal from sites of isomorphous substi-
tution are valence satisfied and are incapable of polar interac-
tions. These hydrophobic nanosites form van der Waals bonds 
with non-polar moieties of organic molecules. 
The net interaction energy between organic molecules and 
hydrated smectites, hence sorption affinity, depends on the 
nature, size and distribution of the hydrated interlayer cations, 
hydrophilic nanosites and hydrophobic nanosites relative to 
the stereo chemistry of the organic molecules. The surface 
charge density of smectites is inversely related to the average 
size of the hydrophobic nanosites and hence the potential cont-
ribution of hydrophobic interactions to sorption of organic 
molecules. Surface charge due to Al for Si substitution in the 
tetrahedral layers of smectites is highly localised in the three 
basal oxygens of the alumínate tetrahedra. By contrast, surface 
charge sites originating from isomorphous substitution in the 
octahedral layer are spread over about ten basal oxygens. Thus 
the average size of hydrophobic nanosites is three times larger 
in tetrahedrally charged smectites than in octahedrally charged 
smectites with the same surface charge density. 
The above model provides a framework for understand-
ing reactions between organic molecules and smectite sur-
faces. Strongly polar organic molecules, such as pyridine, are 
not sorbed on smectites from aqueous systems. Pyridine is 
not polar enough to be competitive with water for salvation 
of the inorganic cations but it is too polar (lacks a non-polar 
moiety) to interact with the hydrophobic nanosites. By cont-
rast, weakly polar molecules, such as atrazine and 3-butylpy-
ridine, are sorbed on smectites from neutral aqueous systems. 
Sorption of weakly polar compounds varies from 0 to 100% 
depending on the surface charge density and percentage of 
tetrahedral charge. Non-polar molecules, such as chlorpy-
rifos and phenanthrene, are strongly sorbed by smectites 
from aqueous systems. Sorption of non-polar molecules, 
however, is not correlated with surface charge density or 
percentage of tetrahedral charge. Furthermore, affinity of 
smectites for non-polar organic molecules increases with 
the amount adsorbed, suggesting that such molecules are 
retained by capillary condensation rather than being sorbed 
in the interlayers. 
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The global bentonite supply chain is now a complicated 
system of many sources for an even larger number of potential 
end-use applications. However, the majority of the bentonites 
consist either of natural sodium bentonites, or naturally occurr-
ing bentonite dominated by divalent cations (Ca2+ and Mg2+) 
subsequently modified with sodium cation. The latter variety 
is often called "sodium activated", or "soda-ash treated" bento-
nite. Once exchanged with sodium these bentonites are often 
difficult to distinguish from natural sodium bentonites using 
common commercial testing protocols. Due to their similar 
colloidal and bulk chemical properties, the lack of test proce-
dures designed specifically to identify this product feature, and 
the failure in the industry to completely or effectively explain 
their differences, sodium activated bentonite quality is often 
considered to be identical to natural sodium bentonite. This 
paper defines both general types of sodium bentonite and des-
cribes physical and chemical methods that can be used to dis-
tinguish these two bentonite types. Specifically, chemical pro-
perties such as alkalinity, pH, C 0 2 and N a 2 0 contents, carbon 
(C13/C12) and oxygen (O l 8/O l 6) isotopic ratios, and amounts of 
water-soluble matter distinguish activated, even slightly acti-
vated bentonites from natural bentonites. 
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Smectite-metals interactions have been studied with the 
aim to predict the reactivity of clayey engineered barriers 
with the metallic container used for the radioactive waste 
confinement. Recent results (Lantenois, 2003) have shown 
that metallic iron reacted in contact with Garfield nontronite 
to form magnetite. This result has been obtained under acidic 
pH conditions at 80°C during 45 days. During this reaction, 
clay sample was not transformed. 
In this work we present the results obtained with zinc, 
cobalt, nickel and magnesium metal after interaction with the 
Garfield nontronite 
(Nao.o5Cao.23Ko.oi)(Fe3+1.86Alo.i8Mgo.o2)(Si3.5Alo.49)0|o(OH)2. 
Experiments have been performed with a 1/2/50 ratio for 
the clay / metal powder / MilliQ water. The pH of the solu-
tions has been fixed at 5 with HC1 added. The mixture has 
been placed in a Teflon reactor and heated at 80°C during 45 
days. After the reaction, solids and solutions have been sepa-
rated by filtering. Solutions have been analysed by ICP-AES 
and solid phases have been characterised by XRD and in-
frared spectroscopy. The results: 
• XRD pattern analyses show that nontronite reacted 
with the metals. Oxides or hydroxides have been identified. A 
modification of smectite has always been observed: after the 
reaction, the position of 00 C reflections is modified. The 001 
reflection shifts from 15.2 Â to 14.4 Â and new 00E reflections 
appear at s 7.3 Â, 4.85 Â and 3.68 Â. This new phase is not 
hydrated and has no swelling property with ethylene-glycol. 
• FTIR patterns show that OH stretching bands of Gar-
field nontronite are always present after the reaction. For all 
metals, OH bands appear between 3625 and 3660 cm -1, they 
are probably characteristic of the presence of brucitic M(OH)2 
layer. These positions are not characteristic of the brucite 
phase. The localisation of brucite layer in the interlayer space 
of Garfield nontronite can explain this band. 
The results obtained during the interaction between Gar-
field nontronite and metallic iron are totally different with 
other metals such as magnesium, cobalt, nickel or zinc. 
Reference 
LANTENOIS, S. (2003): Iron metal/smectites reactivity in 
aqueous solution at 80°C. PhD thesis, Université d'Orléans. 
62 
www. sei. u-szeged. hu/asvanytar>/acta. htm 66 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
THE CLAY "AQUIFER" OF THE "HUNYADI JÁNOS" AND "FERENC JÓZSEF' 
MEDICINAL WATER 
LORBERER, Á. F.,1 NÉMETH. T.2 
í 
2 Laboratory for Geochemical Research HAS [MTA Geokémiai Kutatólaboratórium], Budaörsi út 45., Budapest, 1112, Hungary 
E-mail: baber@hdsnet.hu 
BABÉR Bt., Szentendrei út 19., Budapest, 1035, Hungary 
Hungary, and also Budapest is known for being rich in 
balneological medicinal water. However, in the South part of 
Buda, there is a special medicinal water, which is bottled and 
used since the end of the 19th century. This is a bitterish taste 
laxative water called "Bitterwasser" (German) or "keserűvíz" 
(Hungarian). In the beginning of the 20th century, six diffe-
rent area was utilised just in the capital for bottling this 
special high TDS-content groundwater. Two of them is still 
working. Their trademarks, namely the "Hunyadi János" and 
"Ferenc József ' medicinal water is still represents the mood 
of the Austro-Hungarian Empire. This "Bitterwasser" is a 
shallow groundwater, enriched in Na+, Mg2+ and S0 4 2 - . It is 
yielded from simple digged wells in two small plain basin 
situated between the Buda Hills and the Tétényi Highland. 
The basins are filled by thick Oligocene aged clay layers. In 
this case, the "aquifer" of the medicinal water is also this 
compact Kiscell Clay! Geochemical, geophysical end even 
geothermal anomalies, and special flora is known to be 
related to this area. The protection area of the wells is one of 
the few remaining green fields inside Budapest. 
The research about the characteristics and the genesis of 
this "Bitterwasser" was one of the first topic of the Hun-
garian geologists. The first analyses of the groundwater was 
made in 1863. The first theory about the origin of this 
groundwater was constructed by Szabó in 1868. Since than, 
most of the great Hungarian geologists had some work relat-
ed to this special groundwater. The theory about the genesis 
of this groundwater was improved by Schafarzik (1902) and 
later by Vendl (1948). The most known theory published by 
Vendl was based on field and microscope description of the 
clay layers, and also on some chemical analyses. According 
to our information, there were no modern mineralogical and 
geochemical studies since that time. Our aim was to reinves-
tigate the geology and hydrogeology of the area, which work 
included state-of-art mineralogical and chemical study of the 
clay layers. In this case, new results about the origin of this 
special groundwater can take part an important role in the 
determination of a new protection area. 
The clay layers of the mineral water fields are really cha-
racteristics. On the surface there is a 10-30 cm thick organic-
rich clay. Under this there is a spotted clay: the dominant 
colour is yellow, with greyish-blue fragments. This clay 
matrix is full of gypsum, the amount is increasing down-
wards. Between 2 and 3 m, crystalline gypsum represents 
about 50% of the material in the central areas of the well-
fields. The size of these crystals varies between 1 mm to 3 
cm. There is a 30 cm thick dominantly grey, yellow-potted 
clay layer under 3 m, and then a uniform greyish-blue clay 
layer begins. We found this basic layer until at least 35 m. 
The upper part of this layer is also containing some gypsum 
especially large crystals as fragment fillments. 
According to the classical theory, the formation of gyp-
sum and the medicinal water is related to the oxidative 
process of the unsaturated zone. This is beginning with the 
production of sulfüric-acid from pyrite. Then the clayey 
material is decayed by this acid, and gypsum is precipitated 
as a result of this reaction. The blue-coloured clay represents 
the original pyrite-rich material, while the upper yellow clay 
is the oxidated phase. According to this theory the process 
will be finished when all pyrite of the upper 3 m will be lost. 
A hydrogeological interpretation (Tóth 1995) states that the 
basins are recharge areas, so most part of the gypsum is 
simply exaggrageting from the dissolved content of the up-
coming groundwater. We are investigating the validation of 
both theory, using field measurements and chemical and 
isotopic analyses of the new samples. 
The preparation of the samples was quite difficult in this 
case due to the high amount of gypsum in the material. We 
investigated yellow, blue and brown clay samples by XRD, 
and they were quite similar in mineral composition and oxi-
dative state. We find no sign of pyrite or any other Fe-rich 
mineral in the samples. There was only one sample from a 
more sandy layer, in which some goethite could be find. The 
previous documents mention only dolomite in the material, 
but we find the presence of calcite is much more important. 
The dominant mineral of the clay was the smectite in most of 
the samples. 
According to our preliminary results, the classical 
theory of Vendl cannot be the main process resulting this 
special situation. The most part of gypsum and the mineral 
water must be a result of some other, probably more diffi-
cult processes. 
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Waste of mining may damage the environment seriously. 
Rainwater flowing through the waste impoundment with the 
oxygen from the air oxidises the sulphide minerals of the 
waste. One of the most reactive components is pyrite (FeS2), 
which is the most common ore mineral in the mining wastes. 
Low pH solutions produced may dissolve other less reactive 
solid-state minerals. Therefore, the heavy metal content of 
the acidic solutions may become toxic (Jambor et al., 2000). 
These kinds of solutions may be treated in many ways. The 
pH of the acidic solution can be raised adding lime. Therefore, 
the toxic heavy metal ions can be precipitated. The effluent 
solution or the leachate flowing into the groundwater can be 
stripped by flowing through a reactive barrier. The other way 
of the treatment is to prevent the oxidation process or to isolate 
the waste from atmospheric oxygen in the air and water. To 
reach this aim the upper few cm of the impoundment must be 
compressed or covered by impermeable clayey layers. Using 
the metal retention capability of the clay minerals, the environ-
ment may also be protected from the toxic heavy metal con-
taining effluents (Hermanns Stengele and Plötze, 2000). 
Gyöngyösoroszi is situated in the northeastern part of 
Hungary, in the Mátra Mountains. The flotation waste im-
poundment is found upstream of the village. The Gyöngyös 
Ore Mining Company was established in 1952. The exploited 
ore was processed on the spot by flotation. After the separa-
tion of the lead, copper, zinc and pyrite concentrate, the 
remaining pyrite-rich tailing was transported by pipeline to 
the tailing pond. At the end of the 1970s the operation of the 
mine became unprofitable, and it was closed in 1986 (Fügedi 
et al.) without properly decomissioning the underground and 
surface mine facilities, among others the tailing pond. 
The environmental hazard of the waste impoundment de-
pends on the mineral assemblages of the waste, the state of 
the oxidation process of the sulphide minerals. The type and 
grade of the environmental hazard determines the applicable 
treatment possibilities. 
In this study, the different kinds of clay mineral assemb-
lages of the waste were examined. The metal content of these 
clay minerals was studied in order to define how to decrease 
the environmental risk of acid rock drainage. By XRD exami-
nations, montmorillonite, illite-montmorillonite mixed struc-
ture minerals, illite, and chlorite were found in the waste mate-
rial. The contained metals in the clay minerals were deter-
mined by EDAX methods. 
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BEHAVIOUR OF DIFFERENT CATIONIC FORMS OF MONTMORILLONITE UPON 
HEATING: AN FTIR STUDY 
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The changes upon heating up to 300 °C in the structure of 
Jelsovy Potok (JP) montmorillonite (Slovakia) saturated with 
Li+, Cu2+ or Cd2+ cations have been investigated. The cation 
exchange capacities (CEC) of the samples heated to 300°C 
for 24 hours (Li-JP300, Cu-JP300 and Cd-JP300) decreased 
to 12, 36 and 74%, respectively, of the values determined for 
unheated samples (Li-JP, Cu-JP and Cd-JP). 
The infrared spectra of Li-JP, Cu-JP and Cd-JP show 
similar positions of the bands in the middle-IR (MIR, 4000-
400 cm"1) and near-IR (NIR, 9 0 0 0 ^ 0 0 0 cm"1) regions. The 
bands related to the OH stretching vibration (V0H ~ 3628 cm"1) 
and OH overtone (2V0H ~ 7070 cm"1) have been selected as 
diagnostic for indication of a layer charge decrease and/or for 
creation of the trioctahedral domains. No significant changes 
are seen in the MIR spectra of Cd-saturated samples heated 
below 200°C. Cd-JP requires heating at 250 or 300°C to in-
voke structural changes. The OH overtone of Cd-JP200 
shows no modification in comparison with Cd-JP, however, 
a shift by 20 cm"1 for Cd-JP300 is in accord with the CEC 
value indicating layer charge decrease. 
MIR spectra of Li-JP heated up to 300°C indicate a 
marked structural alteration of the samples. A gradual dis-
placement of the v0H band to the higher positions and the 
appearance of a new component near 3670 cm"1 (vA|MguoH) 
reflect layer charge decrease and fixation of Li+ in the 
previously vacant octahedral positions. Similar upward shift 
and splitting of the 2V0H overtone into two components at 
7170 cm"1 and 7100 cm"1 is observed in the NIR region. A 
strong band at 7170 cm"1 confirms formation of trioctahedral 
domains in Li-JP samples heated above 150°C. 
The OH stretching region of Cu-JP reveals a shift of the 
v0H to 3634 cm"1 for Cu-JP200. No further changes occur in 
spectra of Cu-JP upon heating up to 300°C. The NIR spect-
rum of Cu-JP300 shows 2V0H overtone at 7095 cm"1. Unex-
pectedly, a new component near 7043 cm"1 has appeared in 
the spectra of the samples heated above 150°C. Presence of 
Cu(II) in the octahedral sheet is one possible explanation. If 
Cu2+ enters the previously vacant octahedral sites then the 
most probable grouping would be AlMgCuOH. Based on the 
IR data published for other clay minerals, the estimated 
position of 2vAiMgcuOH overtone should be near 7110 cm"1. 
This position, however, is over 60 cm"1 higher as the band 
observed at 7043 cm"1. It follows that the assignment of the 
7043 cm"1 band to 2vA|MgcuOH is doubtful. Moreover, the EPR 
spectroscopy revealed that Cu(II) in Cu-JP300 can be par-
tially coordinated by oxygen atoms from the mineral layers 
and by nitrogen atoms from pyridine molecules, if present in 
the interlayers (Karakassides et al., 1999). Both IR and EPR 
spectra suggest that Cu2+ cations are fixed deep in the hexa-
gonal cavities close to OH groups. The H+-Cu(II) interaction 
can influence both the length and orientation of OH dipole 
and thus also the vibrational frequency of the OH group. 
However, the possibility to attribute the 7043 cm"1 band to 
the existence of isolated clusters formed by CU2t and water 
molecules in the interlayers of smectites upon heating cannot 
be excluded. 
Different location of Li(I) and Cu(II) in heated JP mont-
morillonite has activated the question whether small Li+ ions 
can migrate into the vacant octahedral sites after Cu(II) has 
been trapped in the hexagonal cavities. Therefore, the ex-
changeable Cu2+ ions from Cu-JP200 were exchanged by Li+ 
and the obtained sample was heated at 300°C to evoke 
fixation of Li+ (Li(Cu)-JP300). No band indicating a pre-
sence of Li(I) in the octahedra is visible in the MIR spect-
rum. However, the NIR spectrum clearly shows three bands 
in the OH overtone region. In addition to the bands at 7102 
and 7048 cm"1, found also in the Cu-JP300 spectrum, a band 
at 7166 cm"1, present at similar position in LÍ-JP300, has 
been identified. This band unambiguously confirms fixation 
of Li+ in the octahedral positions of the Li(Cu)-JP300. 
Analysis of the IR spectra reveals that both the size and 
the charge of interlayer cations affect their final position after 
fixation upon heating. The Li+ ions migrate into the octahed-
ral vacancies, thus creating local trioctahedral domains. Al-
though ionic radius of Cu2+ is comparable to that of Li", 
Cu(II) is retained in hexagonal cavities of heated Cu-JP. Cd2~ 
ions are too large to enter deep enough into the hexagonal 
cavities to be fixed close to the OH groups. Some fixation of 
Cd2+ may occur only in the sample heated above 250 °C. 
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ELASTIC NETWORK OF LAMELLAR PARTICLES: FORMATION AND RHEOLOGICAL 
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In aqueous systems, the colloidal interactions between clay 
mineral particles are generally governed by local electrostatic 
field developing around particles due to the neutralisation of 
surface charges. The composition of aqueous solution influ-
ences both the surface charging and the charge neutralisation. 
Among clay minerals montmorillonite (2:1 layer silicate) as 
the most often studied swelling clay was chosen for a compre-
hensive study to show how the pH dependent surface charge 
heterogeneity of clay lamellae influences the particle interac-
tions in suspensions and the structure of particle network 
formed in montmorillonite gels. The layers of montmorillonite 
lamellae have permanent negative charges due to isomorphic 
substitutions, and pH-dependent charges develop on the sur-
face hydroxyls at the edges. Wyoming montmorillonite sample 
(SWy-2) was studied. Specific patch-wise charge heteroge-
neity of montmorillonite lamellae, i.e. oppositely charged sur-
face parts of layers, exists only under acidic conditions. Edge-
to-face heterocoagulated structure forms below pH of PZC of 
edges (pHpzc.edge ~ 6.5) and above a threshold salt concentra-
tion, where the hidden electric double layer of positively 
charged edge region has emerged. 
In any colloidally stable suspensions the overall particle 
interaction is repulsive, while more or less loose physical 
network of adhered particles forms in the unstable suspen-
sions. Whatever the reason, the formation of particle net-
works strongly affects the mechanical, flow properties of 
clay suspensions. In general, stable suspensions show liquid-
like (viscous) Newtonian flow behaviour with shear thinning 
or thickening character, while the appearance of plastic cha-
racter frequently together with thixotropy refers to the net-
work formation of aggregated particles. The rheology of clay 
suspensions is the subject of tremendous works for several 
decades, especially because of the wide-ranging practical 
application. It was supposed that the solid-like gels formed 
spontaneously from the thin lamellae due to Coulombic att-
raction between oppositely charged parts'of montmorillonite 
plates have elastic character within a limited range of applied 
stress, which is presumably comparable with the characte-
ristic yield values of particle networks. 
Characteristic changes in gel formation and in rheological 
properties induced by decreasing pH in dense suspensions 
containing 0.01 M NaCl provided experimental evidence for 
the structure of particle network. Static and dynamic methods 
were used to study the viscoelastic properties of mont-moril-
lonite gels. Several series of creep tests and forced oscillation 
measurements were performed. A significant increase in thi-
xotropy and yield values, and also the formation of visco-
elastic gels below pH = 6.5 verify that attractive interaction 
exists between oppositely charged parts of lamellar particles 
in the less concentrated systems. However, solid-like feature 
with pronounced viscoelasticity, more or less strong network 
of lamellar particles with large yield values can form in more 
concentrated montmorillonite suspensions even at higher pHs. 
It can be stated that different types of elastic network can 
form from montmorillonite lamellae depending on the pH of 
aqueous medium containing 0.01 M indifferent electrolyte: 
a) strong attractive gel with significant elasticity forms in 
acidic suspensions below the pH of edge PZC (cca. 6.5) due 
to the electrostatic attraction of oppositely charged edges and 
faces, b) the formation of attractive gel is probable in neutral 
suspensions, where no electrostatic attraction exists between 
neutral edges and negative faces, however, the random colli-
sion of lamellae results in edge-to-face particle network with 
definite elasticity, c) less elastic repulsive gel with rather 
liquid-like behaviour can form above the pH of edge PZC 
under alkaline conditions, because the negatively charged 
edges repel the negative faces of plates, only in more con-
centrated suspensions. The elastic response of viscoelastic 
montmorillonite gels is significant, if the applied stress is 
below or at their yield values, however, above that limits vis-
cous character of suspensions becomes dominant. 
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ADSORPTION PROPERTIES OF Fe-MONTMORILLONITE 
MALIKOV, A. S.,1 RYAZANTSEV. A. A..' BATOEVA, A. A.2 
1 Water Supply Department, Siberian Transport University [Кафедра гидравлики и водоснабжении, Сибирский университет путей 
сообщения], D. Koval'chuk 191, Novosibirsk, 630049, Russia 
2 Baikal Institute of Nature Management [Байкальский институт природопользования], Sahyanovoy 8, Ulan-Ude, 670047, Russia 
E-mail: raastu@irs.ru 
Versatile properties of Fe-modified montmorillonite as 
well as its role in a treatment of sewage are discussed. Espe-
cially coagulation and adsorption properties were used for 
the pollutants removal from various effluents. 
The availability of such active centres as ion exchange 
cations, hydroxyl groups, coordinated non-saturated ions 
and interlaminar water make clay inviting material in wa-
ter treatment processes. 
Main task: to develop the recipe for preparation of 
modified clay able to be scaled up at competitive prices. 
Refinement and preexchanging of clay have not employed. 
The activation as well as affinity of montmorillonite to 
anionic substances was achieved by displacement of ion 
exchange cations on hydrolysed iron cations using the 
cavitation bubbles processing of clay in FeCl3 solution. 
High-speed agitation (3000 rpm) of liquid was employed 
by a patented device to reduce pressure resulting in hydro-
dynamic cavitation. The combination of cavitation effect 
and the shear effect in the chamber causes the clay to 
reduce to fine particles size of < 60 jxm. Moreover the 
cavitation decomposes water into extremely reactive hyd-
rogen atoms and hydroxyl radicals, which recombine to 
form hydrogen peroxide and molecular hydrogen. Nume-
rous reduction and oxidation reactions may occur under 
these conditions. 
Coagulation and adsorption properties of Fe-montmo-
rillonite suspension (Fe-MM) were tested during treatment 
of tanning effluent. The wastewater from this process is 
characterised by high alkalinity and contains high concent-
ration of both suspended solids (skin, hair-mud) and oil-
grease. In addition, chemicals used in this production step, 
such as lime, soap, ammonia, sulfides and bacteria are dis-
charged with the wastewater. 
1st step: the treatment of effluent from liming and 
unhairing, in which a very high pollution load is generated. 
About 9 m3 of wastewater per ton of raw hides are genera-
ted, having the following characteristics: chemical oxygen 
demand (COD) 7,000-35,000 mg/1, pH 12-13, sulfides 
1,000-7,000 mg/1. The high content of sulfides in this 
wastewater is of particular concern. The results indicate on 
high performance removing of pollutants in COD and S2~ 
values. At dose of Fe-MM 100-120 g/1 (clay 10 g/1, Fe3+ 
0.5-0.7 g/1) the level of contamination is reduced on 80 -
95%. The similar result was obtained at usage of FeCl3 or 
mechanical mixture of FeCl3 and clay, however dose of a 
coagulant in Fe3+ values was three-four times more, and 
the quality of a sedimentation sludge was worse. 
2nd step: cavitation air flotation (CAF) process for 
removal of suspended solids, oils and greases from integ-
rated effluent (liming and unhairing after precipitation of 
sulfides and COD reduce, fleshing, deliming and bating 
effluents). This process is based on the formation of a 
precipitate of the ionic species, using a suitable reagent, 
and its subsequent removal by attachment to air bubbles 
to form a flotation scum. CAF device utilises an aerator 
(rotating disc), which draws ambient air down a shaft and 
injects micro bubbles directly into the wastewater. The 
same cavitation cell, as for processing of Fe-montmoril-
lonite, was utilised. It is important to ensure that the co-
agulant and flocculant must be added at right point 
and time. 
It is necessary to note, that processes of precipitation 
and flotation generate a voluminous sludge, which has to 
be taken for further treatment. Since this sludge is not 
suitable straight on for agricultural purposes the treatment 
and disposal costs are quite high. 
Acid 
4 
Sludge treatment Treated water 
Raw 
wastewater 
After flotation (cavitation treatment time, min. —4) 
Coagulant FeCl3 (Fe3+ = 0.3 g/1) Coagulant Fe-MM (Fe3+ = 0.3 g/I) 
COD, mg/1 7,350 1,650 370 
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SECONDARY MINERALS IN THE LOWER PERMIAN FILIPOWICE TUFF: 
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The Filipowice tuff formed during Early Permian vol-
canic activity crops out in the Krzeszowice area (cca. 35 km 
West from Krakow). Lower Permian sedimentary, volcanic 
and pyroclastic rocks occur in the Krakow-Upper Silesia 
Rotliegend basin extended along NE margin of the Upper 
Silesia Coal Basin. The tuff is a fine-grained pinkish or 
violet-pinkish porous rock with abundant biotite grains (up 
to 8 mm in diameter) and lithic clasts of various size and 
composition (volcanic and sedimentary rocks). 
The Filipowice tuff is composed of K-feldspar (with 
sanidine domination determined using XRD), kaolinite, 
mica minerals and quartz. In < 0.2 (j.m fraction the illite-
kaolinite ratio is significantly higher than in 0.2-2.0 (im 
fraction. Illite-smectite minerals are present in both frac-
tions. Apatite microphenocrysts are relatively abundant. K-
feldspar in matrix occurs both as anhedral and euhedral 
rhombohedral crystals (adularia habit). Authigenic hairy 
illite or illite-smectite occur commonly on surfaces of K-
feldspar rhombohedra. K-Ar age determined on illite 
dominated < 0.2 jim fraction corresponds to the Early 
Jurassic (199.3[±0.7] Ma). Hematite flake aggregates can 
also be present on K-feldspar rhombohedra surfaces or 
partly intergrown with rhombohedra. K-feldspar pheno-
' crysts are strongly kaolinised (kaolinite partly fills voids in 
phenocrysts). Kaolinite occurs also on rhombohedral K-
feldspar, in rock matrix or on biotite. Mafic minerals phe-
nocrysts are partly or completely replaced by Fe- or Fe-Ti-
oxides. Secondary barite aggregates are scarce. 
Intense K-rich fluids related alteration of the Filipowice 
tuff is suggested by high K 2 0 content (8-12wt% according 
to Kordek and Gruca, 1980; Madeja, 1986), high K 2 0 - N a 2 0 
ratio (from 10 to 30), and great abundance of authigenic 
adularia-type K-feldspar. Adularisation of rhyodacite from 
the Krzeszowice area was described by Staby (1990). Pre-
sence of K-rich volcanic rocks in this area is wide-spread 
and their metasomatic ("kalification") or primary magma-
tic origin is discussed by numerous authors (cf. Czemy and 
Muszyriski, 2000 and references cited therein). 
Smolak and Michalik (2002) suggested that K-alteration 
of the Filipowice tuff was related to post-magmatic K-rich 
fluids or to downward percolation of alkaline marine water 
from salinary environment developed on elevated areas during 
Early Muschelkalk (Bmiak, 2000). Age determination of illite 
formed during alteration of tuff indicates that process 
corresponds to the Early-Middle Jurassic hydrothermal event 
noted in whole Europe. Hydrothermal activity resulted in dia-
genetic illite growth in various sedimentary basins in Western 
and Central Europe (Clauer et al., 1996; Liewig et al., 1987; 
Michalik, 2001; Zwingmann et al., 1999) and alteration of Late 
Carboniferous-Early Permian volcanic rocks in Central Europe 
(Göll et al., 2003; Jacobs and Breitkreutz, 2003; Pçkala and 
Michalik, 2003). The age of alteration of the Filipowice tuff 
roughly corresponds to the Mesozoic thermal event noted in 
NE part of the Upper Silesia Coal Basin (160-170 Ma; Srodori 
et al., 2003) 
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In 1993 a synthetic procedure describing preparation of the 
so-called folded sheet mesoporous materials (FSM) from the 
synthetic mineral kanemite (Inagaki et al., 1993) has been 
reported. Kanemite is a layered sodium silicate, with formula 
NaHSi205-3H20, built of negatively charged tetrahedral sili-
con oxo-hydroxy zig-zag layers intercalated with positively 
charged octahedral layers of hydrated sodium cations, which 
are susceptible to cation exchange. Exchange of sodium ca-
tions for the cationic surfactant species results in the rearrange-
ments within the silica layers and formation of structures with 
honey-comb appearance. Removal of the surfactant template 
by calcination produces porous materials of unique properties: 
hexagonal arrangement of uniform pores whose diameter can 
be controlled within 2-10 nm by changing the templating spe-
cies, large specific surface area (over 700 m2/g), and good 
thermal stability (up to 1100-1200°K). 
kanemite surfactant micelles 
Fig. I 
Purely siliceous mesoporous materials do not contain 
active sites that would allow for their use as efficient adsorb-
ents, molecular sieves, catalysts, etc. The aim of the present 
work was to obtain FSM materials substituted isomorphously 
with aluminium, in order to generate cation exchange pro-
perties in the FSM material. The first step of the preparation 
procedure involved the synthesis of a sodium silicate pre-
cursor, which, upon hydration transformed into kanemite. 
Alumination of the material has been carried out at this stage, 
by adding A1(NC>3)3 to the synthesis mixture. The XRD 
patterns of the obtained solids pointed to the presence of 
several polymorphs of Na2Si205, whose relative content 
depended on the amount of Al dopant. Subsequent hydration 
yielded solids which, beside XRD pattern characteristic of 
kanemite, showed also reflections assignable to a silicic acid 
H2Si20j 7H20. The contribution of the latter increased with 
the growing amount of Al substitution. A certain amount of 
amorphous silica, evidenced by a broad envelope centred 
around d = 0.35 nm, could be found in all solids. Upon treat-
ment with the cationic surfactant (HDTMA, hexadecyltri-
methylammonium chloride) and subsequent calcination all 
materials produced FSM-like structures as demonstrated by 
the characteristic XRD patterns typical of a hexagonal lattice. 
The observed dooi spacings depended on the Al content and 
were in the range 3.7^1.2 nm. Solid-state MAS NMR of 27A1 
showed that in all samples Al occupied tetrahedral positions. 
Textural properties of the samples were determined from the 
nitrogen adsorption isotherm at 77°K. The BET specific sur-
face areas were in the range 700-1000 m2/g. The pore size 
distribution analysis with BJH method confirmed that all FSM 
materials were characterised by a uniform pore diameter, 
ranging from 2.4 nm for FSM without Al and with 2.5at% Al, 
to 2.8 nm for FSM with 5% Al. 
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Chronosequences of soils developed from Eocene flysch, 
in two small catchments (Argila and Bazuja rivers) in Istria, 
were studied with respect to their soil mineralogy and chemist-
ry. The catchments are a part of accumulation-denudation type 
of morphostructure characterised by rapid denudation pro-
cesses developed on Eocene flysch deposits. The flysch bed-
rocks are turbidite deposits of alternating marls and arenites. 
The calcarenites contain quartz, feldspar, mica grains and 
lithoclasts of both carbonate and silicate rocks (chert, quartzite 
and schists). The chronosequences of soils developed on these 
deposits contain quartz, muscovite and illitic material, calcite 
in the deeper part of the profiles, feldspars, and the clay mine-
rals dominantly represented by expandable clays (probably 
smectite) and by small amount of kaolinite. Chemical weather-
ing was evaluated with the aid of bulk chemistry analysis 
focused on major elements, zirconium and rare earth elements 
(REE) at 32 sites and the mobility of elements was characte-
rised with the mass transfer coefficient (eluvial-illuvial coeffi-
cient, EIC) assuming Zr as the conservative component and 
the saprolite-rock boundary samples as the least weathered. 
Due to agricultural land-use practice in the Argila catchment 
the physical processes significantly contribute to amount fine 
carbonate-rich rock debris within the soil profiles, which 
resulted in a mass transfer « 0 or slight accumulation for all 
major elements and REE in the 0 -5 cm horizons and the 5 -20 
cm horizons. In the same horizons of the forest soils of the 
Bazuja catchment losses of over 30% of Mg and Ca were 
determined while A1 and K loss ranged from 23 to 28%. The 
calculated mass loss of REE was 17% in the topsoil horizons 
14% in the deeper horizons. Chemical weathering in the soil 
horizons and weathering rinds of corresponding calcarenite 
rocks shows enrichment of REE as well as fractionation of 
REE occurs indicating a higher mobility of light REE than of 
heavy REE. Changes in long-term weathering rates were eva-
luated through comparison of molar ratios of major elements 
in recent stream sediments, overbank sediment profiles in 
swallow-hole zones and soil profiles. The elemental ratios and 
REE show that sediments deposited in the floodplain, swal-
low-hole areas after storm events are mainly derived from less 
weathered material and plot close to the calcarenite-marl com-
position. The effect that natural reforestation and abandoning 
of arable lands has a critical effect on chemical weathering rates 
in these catchments causing a loss of Ca and Mg from the top 50 
cm of the soil profiles and increasing the overall acidification. 
62 
www. sei. u-szeged. hu/asvanytar>/acta. htm 74 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
THENARDITE-EFFLORESCENCE INDICATING CAUSE OF THE EXCESSIVE FLYSCH 
EROSION, SLANI POTOK, CROATIA 
MILEUSNIC, M., SLOVENEC, D., JURAK, V. 
Faculty of Mining, Geology and Petroleum Engineering, University ofZagreb [Rudarsko-geolosko-naftni fakultet, Sveuciliste u Zagrebu], 
Pierottijeva 6, Zagreb, 10000, Croatia 
E-mail: mcovic@rgn.hr 
Significant amount of Mid-Eocene flysch is present in the 
coastal parts of Croatia. In the whole region flysch is subjected 
to the erosion to lesser or greater extent. However, there is an 
excessive flysch erosion in Slani potok ("Salt creek") catch-
ment (in the area of Vinodol) which, together with accompa-
nying landslides, covers an area of approx. 3 km2. At this loca-
tion, the total site degradation takes place forming terrains of 
"badlands" type. Slani potok flysch, as also the one from sur-
rounded area without excessive erosion, is represented mainly 
with calcareous clayey siltstone and calcareous silty claystone 
and to lesser extent with marls and silty sandstones. There are 
no significant differences in the mineral content and grain size 
distribution of clayey siltstone and silty claystone in the whole 
area of Vinodol. These rocks contain muscovite and illitic ma-
terial (up to 30wt%), quartz (up to 25wt%), calcite (up to 
15wt%), feldspars (up to 10wt%), chlorite, kaolinite and smec-
tite, and in some samples small quantity of pyrite. There is a 
great amount of small particles. The particle size fraction < 2 
Hm and fraction 2 -4 p.m sum up to 45wt% and to 15wt%. 
However, the appearance of efflorescent salt crust on 
flysch in Slani potok during dry period of the year is unique 
in the area. The mineral content of white salt crust deter-
mined by XRD is represented by thenardite (sodium sul-
phate) and negligible amount of gypsum. The largest thenar-
dite crystallites observed by means of a scanning electron 
microscope (SEM) have a diameter of 2 (j.m. Occurrence of 
this water soluble mineral indicates that some components of 
flysch encompass sodium, which accelerates désintégration 
followed by intensive erosion. 
A series of physical and chemical tests are carried out in an 
attempt to verify mentioned assumption. Flysch samples are 
submitted to physical tests of stability (pinhole test and cyclic 
dry-wet repeat treatment) indicating high soil erodibility. 
Determination of soluble salts in flysch pore water was carried 
out following modified procedure used by the International 
Soil Reference and Information Centre (Reeuwijk, 2002). 
Based on criteria established by Sherard et al. (1976), analysed 
flysch fall in the group of dispersive, i.e. erodible soils. The 
analysis of stream water for soluble salts was carried out as 
well. Obtained concentrations of Na+ and S042~ are manyfold 
of the average contents in running surficial waters. 
Illustrated appearance of thenardite is the first finding of 
this mineral in Croatia. 
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Clay minerals are important constituents of the natural 
environment. By their interfacial reactions they play an 
important role in several fields, for example in the nutrient 
cycle of soils, in the environmental protection, or even in the 
synthetic chemical industry. One of the interfacial reactions 
of clay minerals is the adsorption and cation exchange of 
metal ion. 
Metal ions can be adsorbed in the interlayer space of some 
clay minerals (e.g. montmorillonite) and on the pH-dependent 
charges, silanol and aluminol sites, on the edges of clay mine-
rals. The ratio of the two ways of cation adsorption depends on 
pH, but about 80-90% of the cation adsorption comes from the 
neutralisation of the layer charges, so this way of cation 
adsorption is determining. 
The nature of the adsorption is different: in the interlayer 
space electrostatic forces are important; the ratio of charge and 
the cation size determine the adsorption ability. Cations in the 
interlayer space have their hydrate sphere. This process is the 
so-called outer-sphere complexation. On the edge charges the 
chemical properties of the metal ions are significant. The 
cations adsorb on the edge charges by oxygen-cation bonds, 
without hydrate sphere. This process is called inner-sphere 
complexation. 
Both ways of cation adsorption primarily lead to the uni-
form distribution of metal ions on atomic scale. However, 
additional processes can be resulted in the formation of nano 
and micro particles in the interlayer space as well as on the 
outer surfaces. Nano and micro particles on clays have been 
produced by different chemical procedures, but they can be 
formed under environmental conditions. In this paper the 
formation of nano and micro particles on clay minerals under 
environmental conditions are discussed in metal ions—man-
ganese, lead, zinc, and silver ions—and bentonite systems. A 
really natural micro particle on clay sediment is also shown. 
Manganese(II) ions adsorbed in the interlayer space of 
montmorillonite by cation exchange reactions are sponta-
neously oxidised to manganese(IV) under atmospheric condi-
tions. Consequently, the properties relating the oxidation state 
of manganese are different for the fresh and old manganese-
bentonite samples. The concentration, distribution of manga-
nese as well as the structure of bentonite, however, do not 
change. The increase of the positive charge of manganese 
demands the neutralisation of the extra positive charge by 
oxide or hydroxide ions originated from the atmosphere, be-
cause the negative layer charge of the clay minerals is cons-
tant. The presence of a 2D layer of manganese in the interlayer 
space of montmorillonite is obvious because the montmorillo-
nite has layered structure and manganese ions are introduced 
into the interlayer space by cation exchange. For this reason 
the distribution of manganese ions is uniform (as seen by 
scanning electron microscope, too) and it does not change 
under oxidation. 
These results show that a two-dimensional nano layer is 
formed in the interlayer space where manganese ion is 
bonded to the clay layers by two positive charges and to 
oxides or hydroxides by the other two positive charges. 
Lead ions are adsorbed on clays by two processes: by 
cation exchange in the interlayer space of montmorillonite and 
by adsorption on the edge sites. Cation exchange leads to the 
even distribution of the ions, while the adsorption on the edge 
sites can act as the initial of a heterogeneous nucleation on 
particle surface followed by a crystal growth. The nano and 
micro particles (lead enrichments) seen by SEM and AFM can 
likely be formed on these nuclei. The production of these par-
ticles is not expected from thermodynamic properties under 
conditions of the bulk solution. Similar micro particles are 
formed on clay sediments under environmental conditions. 
Similar micro particles are observed in the case of zinc 
ion and silver ion. In case of silver-montmorillonite the re-
duction of silver(I) to metallic silver can also be observed. 
As a conclusion we can say that beside the usual ion 
adsorption reactions, nano and micro particles can also be 
formed in the interlayer space as well as on the surface of clay 
minerals. These particles can be two- (2D) or three-dimen-
sional (3D). Two-dimensional nano layer is formed in the 
interlayer space of montmorillonite by the spontaneous oxida-
tion of manganese ions under atmospheric conditions. Three-
dimensional particles are formed on the surfaces of clay mine-
rals initiated by the metal ion (for example lead or zinc ions) 
adsorption on the deprotonated edge sites. The formation of 
micro particles on the surface can also be followed by the 
redox reaction of the metal ion (e.g. reduction of silver ion). 
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Radioactive wastes are very complex systems. A very lot 
of radioactive metal ions are in the radioactive wastes. There-
fore, it is important to know the interaction between the 
geological formations and radioactive metal ions. 
The speed of this interaction is determined by adsorption. 
It would be important and interesting to know the speed of 
adsorption and steps of adsorption. 
In the last years some papers (Cigna et al., 2000; Fuhr-
mann et al., 2001; Poinssot et al., 1999) dealt with the inter-
actions between radioactive metal ions and the environment, 
but the papers hardly dealt with adsorption kinetics of stron-
tium (Liu et al., 1995). 
One of the main component of radioactive wastes is 90Sr, 
which has a medium half-life (about 28 years) and high-energy 
P-radiation. Adsorption kinetics of strontium ion was mea-
sured on Carpathian Basin bentonite samples with radioactive 
tracer method. 85Sr was used for radioactive tracer, because 
this radioactive isotope is y-emitter, so the y-radiation may be 
measured more exactly than the P-radiation. 
Keeping volume of solution quantity of the sample and 
Sr(II)-ion concentration constant, the reaction time was 
changed. The adsorption increased with increasing reaction 
time to a relative equilibrium adsorption yield. 
The kinetic data were evaluated by forms of first rate 
kinetic equation with different term, generally used for ad-
sorption of ions of low concentration. In the case of five 
samples (Istenmezeje black, Istenmezeje yellow, Egyházas-
kesző, Mád-Újhegy, Sajóbábony), the adsorption process 
could be divided into two steps such as film diffusion and 
particle diffusion. In the case of the other two samples 
(Kuzmice gel and Mujdeni gel) the adsorption process could 
be divided into three steps, where the third step is gel 
diffusion. The presence of higher amounts of cristobalite can 
explain the gel phase in these two samples. The rate cons-
tants of the steps were determined. 
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Montmorillonite 54 74 21 89 50 41 42 
Illite - 2 - 10 — -
Rectorite - 10 - - — 
Quartz 4 1 58 - 6 1 -
Cristobalite + opal CT 33 17 - - 5 54 54 
Amorphous 8 5 3 6 20 3 4 
Table 2: Kinetic results 
k | (min-1) 1.24 1.64 1.51 2.70 1.83 2.18 2.33 
k2 (min-1) 0.08 0.08 0.07 0.27 0.18 0.36 0.38 
k3 (min-1) - - - - - 0.02 0.06 
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The adsorption of copper, zinc, lead, cadmium, cobalt 
and nickel ions on four montmorillonites SWy-2, Istenme-
zeje (Hungary), Ora§u Nou and Valea Chioarului (Romania), 
with slightly different mineralogy, layer charge, cation ex-
change capacity, chemical composition and morphology was 
studied by X-ray diffraction (XRD) and analytical transmis-
sion electron microscopy (ATEM). The aim of this study was 
to reveal the effect of individual, intrinsic features of mont-
morillonites on the metal ion adsorption and their changes in 
metal ion adsorbed state. 
The adsorption capacity of the studied montmorillonite 
samples is 0.35-0.4 mol/kg for copper, zinc, lead and cad-
mium and about the half for cobalt and nickel. Basically the 
metal ion adsorption of the four samples is determined by the 
layer charge and the cation exchange capacity of the mont-
morillonite. The amounts of absorbed cadmium, cobalt, lead, 
and zinc increase with these two crystal chemical parameters. 
The copper adsorption is independent from the layer charge; 
nickel adsorption has inverse relationship. When all these 
ions are present in the solution in 1000 mg/1 concentration, 
the order of selectivity is the following: Cu > Co > Ni > Zn = 
Pb = Cd. 
Based on ATEM studies montmorillonite crystallites con-
tain 0.5-1.0 atomic percentage metal ions that exceeds 
slightly the interlayer sodium content of the starting mont-
morillonites. The decreasing sodium content of montmorillo-
nites with increasing metal ion adsorption supports that the 
adsorption process basically is going on by ion exchange. 
Moreover other structural ions for example aluminium may 
be also removed during adsorption. ATEM measurements 
strengthened the fact that the role of other mineral impurities 
present in the montmorillonite samples in the adsorption pro-
cesses—with some exception—have low importance. The 
amorphous Si0 2—as a common phase associated with mont-
morillonites—does not take part in adsorption of heavy 
metals except nickel and cadmium. 
If water vapour content is controlled, the basal spacing of 
metal montmorillonites is influenced by the species and con-
centration of the metal ion, and the pH. If all the adsorption 
sites are full with metal ions, the basal spacing of the copper 
and lead montmorillonites is 12.5 A indicating one water 
layer in the interlayer space. In case of zinc, cadmium, 
cobalt, and nickel montmorillonites the basal spacing is 14-
15 A, i.e. two water layers in the interlayer space. 
Based on XRD analysis the domain size of the adsorbed 
montmorillonite slightly decreased first, than increased re-
markably till 20—40 layers with increasing metal ion concent-
ration of the solution. It suggests that at small metal ion con-
centrations the crystallites disintegrate and at high metal ion 
concentration they are restructured. The electron diffraction 
patterns of the studied montmorillonites remain ring-like, 
therefore the increase in domain size is not followed by the in-
crease of the three-dimensional structural order of the turbo-
stratic structure. 
Except cadmium, metal ions reduced the swelling capa-
city of the montmorillonites upon glycerol solvation espe-
cially the ones having low layer charge. Layer charge studies 
with alkylammonium method proved that metal ion adsorp-
tion reduced the layer charge. Some montmorillonite layers 
with low layer charge and heterogeneous layer charge distri-
bution may loose all their layer charge due to the small sized 
metal ions entering the 2:1 silicate structure and causing the 
partial reduction of swelling capacity. Upon 250°C heat 
treatment copper and nickel enter the hexagonal cavities or 
the octahedral vacancies of the silicate lattice (Hofmann-
Klemen effect). Cd2+ ion does not cause reduction of the 
swelling capacity because it can not enter into the 2:1 silicate 
lattice due to its large size. 
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The profiles of the bottom sediments from Academician 
Ridge in the Lake Baikal are the most reliable continental 
climatic records of the Late Quaternary, which have become 
available in the 1990's. Their interpretation has mainly been 
based on biogenic proxies, diatom and pollen analysis, but 
only several attempts have been made to read their mineral 
record. The reason is the polymineral nature of the sediments, 
containing several classes of clay minerals, unweathered or 
partly weathered primary minerals from the lake catchment 
area, and amorphous silica from the diatom frustules. That 
hardly permits an unequivocal quantitative analysis using 
conventional tools. However, for any climatic interpretation of 
the sedimentary records some quantitative values, so called 
proxies, are required. The proxy must have a definite, implicit 
or explicit relation to the actual environmental conditions; let it 
be terrestrial weathering or syn- or post-depositional conditions. 
The sedimentary profile VER98-1-13 obtained from 
GFZ Potsdam was analysed. The profile dating was based on 
the variations of the palaeointensity of the Earth magnetic 
field. The part of series covering the last about 200 thousands 
years was studied; this time span corresponds to the marine 
isotopic stages from MIS6 to MIS1 (presence). 
The mineral assembly of the Lake Baikal sediments con-
tains chlorite-vermiculite-smectite weathering sequence, pos-
sibly including interstratified clay minerals, biogenic Si02 , 
amorphous expandable clay minerals, amphiboles, feldspars, 
and quartz as major components (> 1-5%). Separation of clay 
fraction in this material cannot be recommended because it is 
not a priori known what size fraction bears the environmental 
information, e.g. the chlorite weathering sequence can contain 
members with varying particle size. Conventional techniques of 
clay mineralogy are not suitable for such multicomponent mix-
tures, containing more components with variable composition. 
For the identification of the clay mineral components we 
used X-ray powder diffraction in heated support (HT XRD) at 
temperatures between room temperature and 250°C. HT XRD 
has not yet been systematically used for identification of 
expandable clay minerals, and so it was also applied to refe-
rence clays and their homoionic forms. This qualitative me-
thod was complemented with quantitative analysis of amount 
and kind of interlayer (exchangeable) cations that seems to be 
the most reliable proxy-yielding method in the given complex 
matrix of the sediments. The resulting estimates of content of 
expandable clay minerals and the ratio between individual 
interlayer cations were compared to the magnetic suscepti-
bility that have both direct and indirect relations to the actual 
climate. 
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To determine the influence of the layer charge on sorption 
properties of Li-, HDTMA- and TMA-montmorillonites, the 
series with reduced-charge were prepared from Li-exchanged 
fine fractions of Cheto (SAz-1, USA) and Cressfield (Cress, 
Australia) bentonites by heating at 100 to 300°C for 24 hours. 
The exchangeable Li+ cations in reduced-charge series were 
replaced with hexadecyltrimethylammonium (HDTMA) or 
tetramethylammonium (TMA) cations. The adsorptions of two 
non-polar aromatic compounds biphenyl and naphthalene were 
studied. 
Heat-treatment caused migration of interlayer cations 
into the previously vacant octahedra and/or ditrigonal cavi-
ties of the tetrahedral sheets. The appearance of new bands 
near 3670 cm - 1 and 7170 cm"1 in the IR spectra of heated 
Li-SAz-1 and Li-Cress proved the presence of Li(I) in 
previously vacant octahedra. The d(001) value of cca. 9.7 A 
for samples heated at 300°C indicated the collapse of smec-
titic, i.e. swelling interlayers and the creation of pyro-
phyllite-like layers. 
As revealed XRD patterns, the configuration of HDTMA+ 
depended on the layer charge of smectites. For unheated 
HDTMA-SAz-1 and HDTMA-Cress. samples the arrangement 
from pseudotrimolecular to bilayers transition (20.6 or 18.3 A) 
was observed. Samples heated above 150°C contained mono-
layer configuration of HDTMA+ with d-spacing cca. 13.9 A. 
The configuration of TMA+ was different as that of HDTMA+ . 
Small TMA+ cations form "pillars" which held two adjacent 
layers apart in constant distance (13.9 A). Thermogravimetric 
measurements showed decreasing amount of HDTMA* and 
TMA+ with increasing temperature utilised for the reduced-
charge samples preparation. For HDTMA-SAz-1 series the 
amount of organic cations decreased from 1.05 mmol/g for 
unheated sample to 0.29 mmol/g for sample heated at 300°C. 
The IR spectra of HDTMA- and TMA-montmorillonites 
revealed the correlation of the area of the CH3 and CH2 defor-
mation bands with the amount of alkylammonium cations. 
Water sorption experiments showed decreasing hydration 
of Li-SAz-1 and Li-Cress with the layer charge reduction. 
The water uptake at 100% RH dropped to 15wt% for 
samples heated at 300°C (Li-Cress, Li-SAz-1). The presence 
of alkylammonium cations in the interlayers supplied more 
hydrophobic character to the smectite surface and a sorption 
of water decreased in order Li > TMA > HDTMA saturated 
montmorillonites. 
The ability of Li-, HDTMA- and TMA-montmorillonites 
to adsorb biphenyl and naphthalene was studied. The nature of 
the interlayer cations played an important role in the adsorp-
tive sufficiency of the samples. Only negligible amount of bi-
phenyl and naphthalene were adsorbed onto unheated Li- and 
TMA-samples. On the other hand, the sorption efficiency of 
unheated HDTMA-exchanged samples was high, e.g. 
HDTMA-SAz-1 adsorbed 43 mg/g of biphenyl from water so-
lution in comparison to TMA-SAz-1 or Li-SAz-1 where only 
5 mg/g or 6 mg/g, respectively, of biphenyl were adsorbed. 
Heat treatment slightly improved the adsorption of aro-
matic compounds on Li-samples. On the contrary, decrease of 
adsorption was observed for HDTMA-SAz-1 heated at 300°C 
(27 mg/g) in comparison with unheated sample. Thus re-
duction of layer charge and decreasing amount of HDTMA+ 
caused the lower adsorption of aromatic compounds. 
With increasing amount of TMA+ cations present in inter-
layers and decreasing layer charge, the sorption ability of 
TMA-exchanged montmorillonites markedly increased. The 
highest adsorption of biphenyl and naphthalene was observed 
for sample TMA-Cress heated at 180°C (49 mg/g). 
These results showed that layer charge significantly influ-
ences the adsorption of organic compounds on montmorillo-
nites. Considering all studied samples the most effective 
adsorbents for naphthalene and biphenyl were HDTMA-SAz-
1, TMA-Cress heated at 180°C and TMA-Cress heated at 
300°C. These samples adsorbed about 80% of organic com-
pounds present in water solutions of biphenyl and naphthalene. 
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This study focuses on the clay mineral content of the 
Middle Jurassic Eplény Limestone Formation, which forms 
the sedimentary cover of the Úrkút Manganese Ore Forma-
tion in the Bakony Mountains, Hungary. The Eplény Lime-
stone Formation is constituted by two alternating lithologies, 
a siliceous and a clayey one, having irregular thicknesses. 
The clayey type is mostly loosely cemented, green to greyish 
green, while the siliceous type is a very hard, light grey rock 
strongly cemented with silica. Preliminary XPD investiga-
tions on bulk samples show the following mineral phases in 
the clayey type: sheet silicates (with 10 and 15 Á 001 reflec-
tion), calcite, quartz, dolomite, possibly some feldspar and in 
some samples opal. The siliceous type contains sheet sili-
cates under detection limit in almost all cases, the mineral 
constituents are quartz, opal, calcite and sometimes very little 
amounts of double carbonate. 
Based on the results above we selected two samples to 
characterise the clay content of the clayey lithology. Grain 
separation was done through crushing and acid treatment 
(sample U4/98, 5% HC1) or without crushing and leaching in 
distilled water (sample 121301), followed by wet sieving (to 
produce a size fraction below 32 |im) and settling in distilled 
water (to separate the < 2 jam fraction). 
The fractions below 2 urn separated this way were 
investigated through XPD on oriented and ethylene glycol 
treated samples. Oriented XPD on sample 121301 showed 
the presence of four sheet silicate phases, with 14.4 Á, 12.8 
Á, 10 Á and 7 Á 001 reflections. After the ethylene glycol 
treatment the 14.4 Á and 12.8 Á reflections shifted to 17 Á, 
identifying the two phases as smectite and mixed layer 
illite-smectite, respectively. The 10 Á, non-swelling phase 
is a mixture of detrital muscovite and illite, the 7 Á phase is 
kaolinite. The same phases can be observed in sample 
U4/98 as well. 
On the basis of bulk chemical composition sample U6/98, 
also belonging to the clayey rock type, showed a total of 2 9 -
46% sheet silicate content, depending on aluminium substitu-
tion in the tetrahedral layer and the distribution of divalent 
cations among carbonates and sheet silicates. 
Thermoanalytical investigation of the same sample 
(U6/98) revealed 25% illite-muscovite, 6% montmorillonite 
and 1.5% kaolinite content of the bulk rock. 
In comparison with a study on the clay mineralogy of 
Jurassic carbonate rocks in the Transdanubian Range (Viczián, 
1995), only the Toarcian manganese carbonate . sequence 
shows a clay mineral content (significant proportion of smec-
tite) similar to this study. Since the carbonate manganese se-
quence is the sedimentary base of the Eplény Limestone, a 
strong genetic connection between the two formations can be 
assumed. The similarity in clay mineral content and other sedi-
mentological, mineralogical and micropalaeontological cha-
racteristics suggest that the two formations represent the same 
depositional environment. Therefore the only essential diffe-
rence between the Eplény Limestone Formation and the Úrkút 
Manganese Ore Formation is the manganese enrichment of the 
latter. The above considerations suggest that the manganese 
enrichment appeared only in a certain part of a sedimentary 
basin, independently from sedimentary processes as reflected 
by the clay mineral content of rocks. 
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Expansion of phyllosilicates with organocations, mainly 
alkylammonium cations, has been widely studied. This inter-
calation, which courses with the exchange of the compensating 
cations of the clay by these organic cations, transforms the 
surface of the clay particles from hydrophilic (organophobic) 
to hydrophobic (organophilic). Swelling with alkylammonium 
cations having different chain lengths has been reported. 
Solids thus formed are usually called organo-smectites, their 
organophilic character allowing applications in different fields, 
as in the adsorption of organic pollutants. 
We report in this communication a systematic study of 
the intercalation of montmorillonite with octadecylammo-
nium cations under different conditions. Montmorillonite 
from Tamame (Zamora, Spain) was used as parent material. 
Octadecylamine, CH3-(CH2)i7-NH2, was used as precursor 
of the intercalating cations, being protonated in situ with 
HC1. Different studies were carried out varying the reaction 
medium (using water or ethanol, in which the amine is 
more soluble), the amine-clay ratio (between 0.5-10.0) and 
the HCl-amine ratio (between 2 and 95). Finally, simulta-
neous co-intercalation of octadecylammonium and of the 
inorganic polycation [Al|304(0H)24(H20)i2]7+ was consi-
dered. 
Solids are successfully intercalated in most of the experi-
ments carried out. When amine-clay ratio was considered, 
intercalation was observed in the range 1-3; when this ratio 
is < 1 the clay is not intercalated, probably because of the very 
small amount of organic molecules, and when this ratio is > 5, 
an excess of amine, not soluble, was observed. Basal spacings 
of the intercalated solids are between 17.2 and 36.7 Á. The 
amount of organic matter incorporated into the solids also 
varies widely, up to 40wt% C is fixed. The C - N ratio in the 
solids intercalated is similar to that in octadecylamine mole-
cule. Specific surface area is very low in all the intercalated 
solids, in most of them between 3 -6 m2/g, because of the total 
blockage of the clay porosity by the organic molecules. Co-
intercalation of octadecylamine and of the inorganic Al|3 poly-
oxocation gives rise to intercalated solids with basal spacings 
between 17-23 Á, also with a high fixation of organic matter 
and a high blockage of the porosity of the solids. 
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Historically, the near infrared (NIR) and middle infrared 
(MIR) fields of research are somewhat distinct from one 
another. The MIR user is more concerned with functional 
groups and spectral interpretation than the NIR user who is 
often more interested in geostatistical applications. Some 
mineralogical data for clays and clay minerals in the NIR are 
available (e.g. Hunt and Salisbury, 1970), mainly because 
field and imaging spectrometers, and hyperspectral remote 
sensing work exclusively in the NIR (and visible) region. 
Recent results of the NIR region for analysing the crystal 
chemistry of clay minerals have significantly extended the 
application of this spectroscopy. Indeed, the higher sensiti-
vity to the OH functional group environment of the NIR 
compared to that of the MIR enables the more effective 
detection of a) isomorphous substitutions in talcs (Petit et al., 
2004) and nontronites (Gates et al., 2002); b) fixed Li in 
reduced-charge montmorillonites (Madejova et al., 2000); 
c) Si-OH groups in acid-treated smectites (Palkova et al., 
2003). Another utility of NIR region is to recalculate the 
positions of the OH vibrational bands in MIR as shown by 
Petit et al. (1999) for the 5AlGaOH and 8AlCrOH bands in 
MIR spectra of Ga- and Cr-bearing kaolinites. 
The observed bands in the NIR first overtone region are 
commonly assigned by analogy with the MIR vOH region. 
However, to interpret spectra, researchers often need a rela-
tionship which allows them to calculate the wavenumbers of 
the first overtone (2vOH) in the NIR from the wavenumbers 
of the fundamental (vOH) in the MIR and vice versa (e.g. 
Bishop et al., 2002; Frost et al., 2001). 
The aim of this work is to determine a relationship bet-
ween the wavenumbers of the first OH stretching overtones 
( W 2 V O H ) and the wavenumbers of the OH stretching funda-
mentals (WVOH) to help to interpret the near infrared spectra 
of clay minerals. The energy required for the first overtone is 
twice the fundamental, assuming evenly spaced energy 
levels. Since the energy is proportional to the wavenumber, 
the first overtone should appear at twice the wavenumber of 
the fundamental. However, due to the anharmonic character 
of vibrations (the energy levels are not equidistant), the first 
overtone bands appear at wavenumbers less than twice that 
of the fundamental bands (e.g. Herzberg, 1945), and X the 
anharmonicity constant is defined by the following relation: 
X = W2vOH / 2 - Wvoh-
To derive the basic correlation between the vOH and 
2vOH wavenumbers, the selected samples are talcs because 
their absorption bands are narrow, with few overlapping 
peaks if any, and they are sensitive to a variety of octahedral 
environments. Furthermore, talcs with various chemical com-
positions can be easily synthesised. 
It is shown that the anharmonicity constant X remains 
almost unchanged for several types of clay samples. Therefore 
the relation, established from talcs can be used for other clays. 
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Pillared clays are a special class of microporous materials 
that can be obtained by interlayering expandable clay minerals 
with polymeric oxide, as pillars. The Si-PILCs and Al-PILCs 
have attracted considerable attention in many organic reac-
tions, adsorption processes, and environmental protection. The 
paper shows the preliminary results of the adsorption behavi-
our in the monosaccharide-water-pillared bentonite systems. 
Separation factors, adsorption excess isotherms of monosac-
charide-water mixtures, and adsorption equilibrium diagrams 
show the complex interaction inside of pillaring bentonites. 
The bentonite from Valea Chioarului used in our experi-
ment has a complex composition and contains particularly 
smectite (64%), illite-smectite interstratifications and nume-
rous traces of feldspar and quartz with cation exchange capa-
city 92 meq/lOOg bentonite was used clays, a mixture of 
swelling agent and pillar precursor. The swelling agent is 
incorporated within the interlayer species of the clay, serving 
to prop open the layers in such a way as to allow incorpora-
tion of the organometallic compound (tetraethylorthosilicate, 
TEOS) as polymeric oxide precursor. The pillared clay is ob-
tained after calcination at 673°K. The samples were characte-
rised by XRD patterns, FTIR spectra and adsorption iso-
therms. The D-glucose (Fluka) and D-fructose (Merck) solu-
tions were used. The equilibrium state was checked by mea-
suring the concentration in the interval 8 to 72 hours. 
In our experiments because of the adsorption equilibrium 
between water and clay is determined only by measuring the 
change of the bulk concentration, the calculated amount of 
adsorbed saccharide reflects a global isomeric mixture ad-
sorption. The measure of the adsorption of a liquid mixture is 
the adsorption excess r 2 ' : 
r 2 ' = n° (x2° - x2 ' )/m; where: n° is the total number of 
moles in the original solution; (x2° - x2 ' ) is the change in the 
mole fraction of the monosaccharide solution caused by ad-
sorption; m is the mass of the sample (g). 
It is evidently that the raw bentonite prefers the adsorp-
tion of water, while pillared clays, both the calcined and not 
calcined samples, adsorb D-fructose preferentially. As a con-
sequence of the limited solubility of the monosaccharides in 
water only a small portion of the adsorption excess isotherms 
could be determined. 
Fig. 1: Adsorption excess isotherms of D-fructose water 
mixtures on: a) raw bentonite; b) sample not calcined; c) 
sample calcined. 
The obtained data show the ability of the bentonite from 
Valea Chioarului (Romania), for pillaring processes. The 
pillaring process was developed the bentonite capacity for 
monosaccharides separation. Separation factors, adsorption ex-
cess isotherms and adsorption equilibrium diagrams show the 
formation of some strong interaction between monosaccharide 
and clay surface. 
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Radioactive waste has a global impact on the environment. 
The treatment of radioactive liquid waste has as objective both 
the decontamination process (for its evacuation into envi-
ronment) and the volume reduction (for its storage or dis-
posal). Treatments by ion exchange are applied on the fluids 
with low and medium radioactive level and low salts content. 
Generally, for radioactive effluents decontamination by ion ex-
change were used the natural and synthetic exchangers with 
mineral or organic origin. Amoung natural mineral exchan-
gers, clays (kaolinite, montmorillonite, vermiculite, illite) are 
very used. In this study, the raw and modified clays from 
Valea Chioarului area (Romania) were used for decontamina-
tion of the simulated wastewaters with medium and low radio-
activity. The average oxide composition of the raw clay from 
Valea Chioarului is: Si0 2 69.61%, A1203 19.7%, Fe203 1.27%, 
CaO 0.90%, MgO 2.41%, Na 2 0 1.31%, K 2 0 0.18%, LOI 
5.35% (weight percents). The CEC (cation exchange capacity) 
value was found 92 meq/lOOg clay. The specific surface area 
was about 140 m2/g. Several single (Fe-clay, Al-clay, V-clay) 
pillared clays have been prepared by exchange of the charge 
compensating cations between the clay layers with the larger 
hydroxications, which are, particularly, oligomeric hydroxy 
metal cations formed by hydrolyse of metal salts. The oxide 
pillars, obtained after calcination, sustain the clay sheets and 
lead to the formation of a bi-dimensional porous network. The 
specific area of the Fe-pillared clay, and Al-pillared clay was 
117 and 280 m2/g, respectively. The experiments were con-
ducted with solutions that were simulated the liquid radioac-
tive effluents with low medium activity. The water was conta-
minated with different solutions of radioactive isotopes, which 
frequently there are in the liquid radioactive overflowing: 
l34Cs, 137Cs, i33Ba and 60Co. The gamma spectra were 
analysed taking into account the peak can be ascribed to only 
one isotope exclusively and a sufficiently high quantum 
yield, which allows detecting the peak even at low content of 
an isotope. 
The experiments were conducted at ambient temperature 
and atmospheric pressure, in batch condition, solid-liquid 
ratio = 1/10 g/ml; pH = 1-2. 
The retention of l37Cs on clay samples reached equilibrium 
in the fallowing order Fe-pillared clay < raw clay < Al-pillared 
clay. The uptake percentage of l37Cs value tends to increase 
proportional with increasing surface area of the samples. The 
uptake percentage of radioisotopes was considerably affected 
by initial value of solution activity. This experimental finding 
is related to the diffusion process, knowing that the cationic 
transit is much faster in diluted solutions. 
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Generally, the aqueous streams by chemical and related in-
dustries contain organic pollutants such as phenolic com-
pounds, which are toxic and poorly biodegradable. In some 
cases these polluting agents are in very low concentrations, so 
that the recovery is not economically possible. In other cases, 
these polluting agents are in very high concentrations so that 
direct biological treatment is not appropriate. In these cases, it 
is necessary to use efficient and inexpensive treatments, such 
as wet peroxide oxidations. In the classical version of this pro-
cess, Fenton 's reagent (Fe2+ / Fe3+ / H 2 0 2 ) was used. 
In this paper the catalytic wet oxidation of phenolic 
wastewater by hydrogen peroxide (0.1-0.2 mol/1), at room 
temperature, by mixed (Al-Cu) and (Al-Fe) pillared clays 
(Al-Cu = 3:1; Al-Fe = 3:1), at pH = 3.5-5.0, was studied. 
Phenol oxidation was carried out in a thermostated glass 
batch reactor of 250 ml equipped with a magnetic stirrer, a 
reflux condenser and a pH electrode. Phenol concentration 
was determined spectrophotometrically. 
This study stress that the studied mixed pillared clay 
samples exhibit an interesting activity, allowing the total 
abatement of phenol concentration of wastewaters. Due to its 
stability and catalytic activity, the mixed Al-Fe and Al-Cu 
pillared clays could be one of the most promising catalysts. 
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Silicates, especially montmorillonites attract attention in 
wide field of industrial research due to their specific pro-
perties. One way of possible montmorillonite modification 
lies in branch of intercalation processes. Intercalation can be 
based either on ion exchange (original ion exchange cations 
are replaced by organic cations) or ion dipole interaction (ion 
exchange cations remain and organic species are intercalated 
into interlayer space). Intercalation of optical active species 
is special and very interesting area because of silicate layers 
are transparent in visible spectra. The optical active cations 
(rhodamine B) were intercalated into interlayer space (Pos-
pisil et al., 2003) and also were remained on the surface of 
silicate layers. So, the knowledge of structure properties rela-
tionship is crucial for describing optical properties of these 
intercalated samples. 
Structure analysis showed that the interlayer and the sur-
face structures are very different in arrangement of rhoda-
mine B cations with respect to silicate layers. Moreover the 
structure arrangement strongly depends on the guest concent-
ration in the intercalation solution and on the way of sample 
preparation. The increasing of rhodamine B concentration 
change arrangement of guest in relative proportions of mono-
mers, dimmers and higher aggregates adsorbed on the exter-
nal surface and intercalated into the interlayer space. These 
changes in rhodamine B arrangement can be observed by 
experimental methods such as X-ray diffraction and fluores-
cence. For correlation of structure and fluorescence changes 
molecular mechanics and classical molecular dynamics were 
used. Molecular simulations were carried out in Cerius2 
modelling environment. 
Combination of theoretical and experimental methods 
show: a) the surface and interlayer structure for given sample 
is different and b) the concentration dependence of rhoda-
mine B cations arrangement is different for the surface and 
interlayer structure. The most important difference between 
surface and interlayer structure occurs in case of fully ex-
changed samples i.e. between the models with four rhoda-
mine B cations per one 3 a x 2 b x l c supercell in the interlayer 
space of montmorillonite and four rhodamine B cations per 
one 6a><2b surface supercell of montmorillonite. In the inter-
layer space the most stable structure with the highest subli-
mation energy (calculated by molecular mechanics method) 
is the bilayer arrangement of rhodamine B cations with xan-
thenes parallel with the silicate layers. However on the fully 
exchanged sample surface the most stable structure is the J-
dimeric arrangement with xanthene planes tilted to the sur-
face of silicate layer. 
Fluorescence measurements of the samples. show that 
increasing loading of rhodamine B cations leads to the red 
shift of the fluorescence band. However the fluorescence band 
shape exhibits more complicated behaviour in dependence on 
concentration. The irregularity in the concentration depen-
dence of these spectral characteristics can be described as a 
result of joint action of surface and interlayer arrangement of 
rhodamine B cations in montmorillonite structure. 
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In the framework of domestic waste disposals, the in situ 
compaction of soil is usually used to obtain engineered clay 
barriers with suitable confining properties. Permeability and 
pollutant retention are the major properties which should be 
investigated in this context for barrier evaluation. Considering 
clay barriers in contact with waste leachates, they may be 
saturated by solutes of various chemical compositions, includ-
ing in particular toxic heavy metals. In this context, the expan-
sive Fo-Ca clay, a natural Ca-smectite from the Paris Basin of 
Ypersian (Spamacian) age, was chosen because of its very low 
permeability and ability for pollutant retention through cati-
onic exchanges. The smectic is associated with kaolinite (up to 
20%), and minor quartz, calcite, goethite and gypsum. 
An experimental work (Jullien et al., 2002) was per-
formed to analyse the Fo-Ca performances when submitted 
to chemo-hydro-mechanical coupled effects produced by 
soaking the clay with a polluted solute. For this purpose, 
tests were performed using 10"' mol/1 Cu(N03)2 solution. 
The evolution of leachate chemical composition was carried 
out as a function of time in order to characterise the ability of 
the clay to copper retention (Fig. 1). 
The previous studied clay samples can be considered as a 
system submitted to an external parameter (x(t)) and delivering 
a response to it (y(t)). The copper behaviour can be modelling 
with a like global equation 1. 
x(t) = Bt 
Intake copper flux) 
' ] JTL-'H(S)| . [y 
f Or Clav j J [C 
lv(t) = B (t-T + re'-"") 
I Copper flux in leachate 
where B is <5M/<5t (with M is the molar concentration of the 
input copper solution (mol/1)), TL"1 is the Laplace transform, 
T is the time constant (hour), and H the gain in the permanent 
regime. 
Simulated curves using different copper concentrations are 
presented on Fig. 2. To validate this model, an experiment was 
carried out with a 0.5 mol/1 Cu(N03)2 solution. The model 
allows to predict the behaviour of more dilute copper solution 
representative of waste leachate through a clay barrier. 
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Because of the frequent rhyolite tuff explosions and the 
simultaneous eustatic events, the Miocene series of the 
Pannonian Basin can be regarded as an ideal research object 
to investigate the eustatic and volcanic control on sedimen-
tary bentonite formation. Among the well preserved trans-
gressive shallow marine bentonite sites of Hungary like 
Pétervására, Istenmezeje, Salgótarján, Várpalota, Budatétény 
and Sajóbábony, the latter is recently explored and investi-
gated, where three well identifiable bentonite horizons can be 
seen separated from each other by placer-like sandy shoreline 
sediments. Based on the lithological characteristics of the 
bentonite horizons we could determine three main facies 
types of bentonites a slightly altered bentonitic tuff, a tuffa-
ceous bentonite with sedimentary feature and a well sorted 
sedimentary bentonite. 
Comparing the X-ray diffraction and thermoanalytical 
(DTA, DTG, TG) data the montmorillonite concentration 
calculated by the (110) reflection shows stronger correlation 
with the TG data than that calculated by (001) reflection. The 
difference can be caused by the existence of an amorphous 
phase disturbing the quantitative interpretation of the (001) 
reflection (diffuse and low intensity). The montmorillonite 
content determined by thermoanalysis shows strong negative 
correlation with the amorphous phase of the XRD pattern 
(r2 = 0.62). These indicate that besides montmorillonite con-
tent other important discriminative factor of the facies types 
is the amount of the amorphous phase. 
Based on the investigation of the Hb index (half-width of 
the 001 reflection), a detailed analysis of the montmorillonite 
phase was carried out by the comparative interpretation of the 
whole rock and the fine fraction < 2 (im. The existence of two 
different montmorillonite types can be proved in the whole 
rock and in the fine fraction of the bentonitic tuff. The former 
has much lower, the latter much higher Hb index. In the tuffa-
ceous bentonite the two montmorillonites can be detected only 
in a few samples while in the case of the sedimentary bento-
nite the two fractions have the same montmorillonite phase. 
The concentration of the amorphous phase in relation to 
the AI2O3 content seems to be important. In this case all of the 
three facies types can be separated from each other and the 
strong increasing of the A1 content with the decreasing of the 
amorphous phase can be seen (r2 = 0.67). The appearance of 
Al3+, Mg2+ and Fe3+ ions can also be regarded as an important 
distinctive character. The bentonitic tuff has low Al, Fe and 
Mg content with an increase of concentrations towards the 
sedimentary and tuffaceous bentonites. In the case of the sedi-
mentary bentonites the dominance of Fe and Mg ions while in 
the case of the tuffaceous bentonites the dominance of Al ions 
can be observed. The strong correlation between Al3" and Fe3+ 
(r2 = 0.6) may refer to their simultaneous incorporation into the 
octahedral positions in the course of bentonitisation, while the 
relatively weak correlation between Al3+ and Mg2+ refers to the 
less important role of the Mg2+, however, the strong correla-
tion between the Fe3+ and Mg2+ (r2 = 0.73) proves the simulta-
neous appearance of the two cations during the alteration. The 
ratio between Al3+ and Si4+ in the case of the sedimentary and 
tuffaceous bentonites approaches the stoichiometric form of 
the typical montmorillonite. 
The rhyolite tuff represents low degree of bentonitisation 
with a relatively high amount of amorphous phase, the initial 
alteration of which produced a low concentration of well 
ordered montmorillonite phase with Na character. 
In the case of the tuffaceous bentonite the effect of sub-
marine redeposition caused more intensive alteration of the 
volcanic glass and thus the strong decreasing of the amor-
phous phase together with the increasing concentration of 
montmorillonite. In this case the structure of the forming 
montmorillonite is less ordered, the dominant cation in the 
interlayer position is Ca2+. 
In the case of the sedimentary bentonite the volcanic 
glass has a low concentration in the material while the mont-
morillonite phase is dominant. The structural and geochemi-
cal characteristics of the montmorillonite refer to a relatively 
disordered Ca-montmorillonite with high concentration of 
Fe3+ in the octahedral positions. In this case the substitution 
of Si by Al leads to the appearance of an Al-Si ratio typical 
for montmorillonites. 
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REMOVAL OF THE NON-BIODEGRADABLE DYE ORANGE II BY H 2 0 2 OXIDATION 
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Waste streams of textile industry use to be contaminated 
by non-biodegradable dyes, and removal of such compounds 
must be done before the streams are returned to the environ-
ment. Such removal may be done by oxidation, with or with-
out complete mineralisation, being particularly important the 
decolourisation achieved. Among several advanced oxidation 
processes proposed in the literature, the use of the Fenton 
reagent has proved to be particularly efficient. In this case, the 
oxidation is carried out with hydrogen peroxide, in the pre-
sence of a Fe(II) catalyst. The biggest disadvantage of the 
homogeneous Fenton process is the formation of sludge con-
taining iron ions, which removal at the end of the wastewater 
treatment increases the overall costs, besides catalyst loss. To 
eliminate this drawback, some efforts have been directed to the 
development of heterogeneous oxidation processes, using sup-
ported catalysts. 
Supported catalysts are an excellent alternative to bulk 
catalysts. In them, the active phase is dispersed on the surface 
of a support, which usually shows large specific surface area, 
porosity, thermal resistance, etc. Carbons, zeolites, silicas and 
aluminas are among the most used supports, clays being a 
good alternative for the preparation of several catalysts. 
In the present communication, we report preliminary 
results on the use of a Fe-clay supported catalyst for the oxi-
dation of Orange II, a non-biodegradable dye. The catalyst 
was prepared by impregnation of a saponite (Yunclillos 
deposit, Spain) with Fe(II) acetylacetonate. Previously, the 
natural saponite had been purified by a conventional disper-
sion-decantation method, extracting the < 2 (im fraction. 
Fe(II) acetylacetonate was dissolved in the minimum amount 
of acetone, and this solution was contacted with the clay, 
using the "incipient wetness" impregnation method. The pre-
cursor amount was that needed for a Fe content in the final 
catalyst of 5.6%. The solid was then dried at room tempe-
rature and submitted to catalytic tests, which were performed 
in a stirred jacketed batch reactor, being the temperature 
controlled through a thermostatic bath. The absorbance and 
the pH were continuously monitored, using a Philips PU8625 
UV-VIS spectrophotometer and a pH-meter from EDT inst-
ruments RE 357 TX, respectively. For on-line absorbance 
measurements (at = 486 nm), a continuous flow-through 
cell was used, within recirculation of the solution with the 
help of a peristaltic pump. 
A 0.2 mM solution of Orange II was considered, being 
treated with H2O2 in presence of the catalyst under different 
conditions. Temperature (30, 50 and 70°C), initial H 2 0 2 con-
centration (6, 9, 12 and 18 mM) and initial Fe concentration 
(0.128, 0.18, 0.256 and 0.54 mM), were varied in the diffe-
rent tests (the last two variables allow to control the H 2 0 2 - F e 
ratio), being the pH kept constant at 3.0. The colour of the 
solution was analysed and it was found that this catalyst is 
active for removal of Orange II. When increasing the reac-
tion temperature, the time required to achieve colour removal 
is shorter. The reaction rate also increases with both H 2 0 2 
and catalyst concentration. 
In the best conditions tested, the overall colour removal 
was above 99% after 280 minutes, but in the first 20 minutes it 
was already very significant. As changes in colour do not imp-
ly necessarily complete oxidation of Orange II, total organic car-
bon in solution was also analysed. Mineralisation performance 
seems also to be noteworthy, reaching values above 70%. 
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SHORT RANGE ORDER IN PHYLLOSILICATES 2:1 
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Ionic distributions are mainly controlled by local charge 
balance requirements, in all organised compounds. In phyllo-
silicates 2:1, the charge balance around the OH group, and on 
the apical oxygens of tetrahedra is a fundamental criterion 
which manages the cationic distribution in the octahedral 
layer. Around an OH position, cationic associations can carry 
4 (i.e. 2M 2 +D) to 8 charges (2M2+Ti4+), and possibly 3M3+ in 
non-protonated compounds. In this respect, it is possible to 
explain why all Li-bearing phyllosilicates 2:1, hectorite, lepi-
dolites, are trioctahedral (exclusion Li -D) and why Li is 
always in a trioctahedral local environment in mixed tri-dioc-
tahedral solid solutions (Monier and Robert, 1986). Vacant 
octahedral sites can be either in cis or trans configuration in 
clays, and systematically trans in micas. Small high-charge 
cations, generally favour the small octahedron M2 (cis), 
whereas large cations enter the larger M l site (trans), but this 
scheme is rarely completed, and most of structures with 
differently charged cations, exhibit polycationic sites. The 
replacement of OH" by F" drastically changes the cationic 
distribution in the octahedral layer, since F" acts as a point 
charge, whereas OH" is a dipole and can share a part of the 
H+ charge with the oxygens of adjacent tetrahedra (Robert et 
al., 1993). This is sufficient to explain the local association 
between Li and F, as well as Al-F and Ti-F exclusions, for 
example. Other cases of ordering around an OH group are 
recognised, as the local association between a protonated 
apical oxygen of M 2 + 0 4 tetrahedron, and an octahedral 
vacancy. A rare case of M 2 + 0 4 - [ 6 1 D-M 2 + 04 ordering along c*, 
is observed in these phyllosilicates. Also interesting is the 
case of local cationic ordering between tetrahedral and octa-
hedral layer, required to balance charge on apical oxygens of 
tetrahedra. Local electrostatic considerations lead to con-
clude that high charge cations in octahedral coordination are 
associated with Al rather than Si in tetrahedra. So, the well 
known Al-Tschermak substitution, which involves both tetra-
hedral and octahedral layers, does not only concerns the 
whole structural formula, but also the local ordering pattern 
of Al atoms in adjacent sites. 
The distribution of tetrahedrally coordinated cations, Si4+ 
and Al3+, complies first with the Al-Al avoidance rule, i.e. 
the Loewenstein rule, but a further dispersion of cations is 
observed, so that the charge distribution is homogeneous 
(HDC model of Herrero et al., 1989). In other words, the 
local Si,Al distribution closely follows the bulk tetrahedral 
layer composition. In high-Al compounds like clintonite, a 
monosilicic mica, where [4]A1-[41A1 pairs are dominant, the 
silicon distribution also shows some ordering, then, this mica 
does not follow a maximum charge dispersion pattern. On 
the whole, there is a temperature-dependent equilibrium bet-
ween the electrostatic energy which favours the cationic dis-
persion, and the entropic term which favours a disordered 
distribution (Sanz et al., 2003). Disilicic compounds (Si2Al2), 
like preiswerkite, ephesite, kinoshitalite and margarite should 
be serious candidates to a perfect Si,Al ordering. But, in these 
compounds, a minor deviation to stoichiometry is systemati-
cally observed, which generates Si-Si associations, for entropy 
reasons. On the other hand, the structure of these phyllo-
silicates, deduced from XRD data, are more symmetric than 
expected, which means the existence of antiphase domains. 
In the interlayer space, local ordering of compensating 
cations are recognised in some cases. In mixed OH-F triocta-
hedral compounds, divalent cations, e.g. Ba2+, favour those 
6T0 4 rings adjacent to F", whereas monovalent cations, e.g. 
K+ are preferently associated with OH". Small cations, like 
Li+, in the anhydrous form, strongly order between two 
[4IA104 tetrahedra of two consecutive layers, for local charge 
balance requirements. 
Dimensional factors also control cationic ordering. This 
is particularly true with the large cation Mn2+ which needs to 
be associated with a smaller one. This requirement explains 
the common Al-Mn2+ association in manganous phyllosili-
cates. Another example is offered by the [6)Mn2+-[6] Zn asso-
ciation in hendricksite, with an average resulting dimension 
of octahedra similar to that produced by Fe2+-Fe2+ pairs. 
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GEOTHERMOMETRY ON LOW-TEMPERATURE METAMORPHIC AREAS: 
PRELIMINARY RESULTS OF CLAY MINERALOGY IN THE BU£ACO SYNCLINE, 
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Different geothermometers can be used on areas affected 
by low-temperature metamorphism. Fluid inclusion data, 
illite or chlorite "crystallinities" and vitrinite reflectance are 
quite widely used parameters. A scientific program for the 
assessment of the above mentioned geothermometer data 
consistency in various Portuguese low grade metamorphic 
formations has been established and is under development. In 
Bugaco syncline, Central Portugal, the first results obtained 
on graptolite remains and fluid inclusions proved a general 
good agreement of different geothermometric parameters and 
established some of the general features of the metamorphic 
framework (Doria et al., 2002). 
The main goal of this work is to present recent data con-
cerning clay mineralogy (in particular, illite and chlorite "crys-
tallinities") and to compare these results with those from orga-
nic petrology' and fluid inclusion study of these metapelitic 
materials. 
In the Central Iberian zone (CIZ) of Portugal, several anti-
clines and synclines occur in which a Lower Palaeozoic 
sequence overlays Precambrian-Cambrian metasediments. The 
Early Ordovician to Early Devonian rocks were affected by 
very low to low-temperature metamorphism during the Varis-
can orogeny. The stratigraphical sequence comprises a series 
of detrital rocks (conglomerates, quartzites, slates and black 
shales) in a general transgressive sequence. In the Upper Ordo-
vician a volcanic succession of diabases and intrusive dolerites 
is also present. The Bu9aco syncline, in Central Portugal, pre-
sents an almost continuous sequence from Lower Ordovician 
to Silurian. Above an unconformity upper Carboniferous ter-
restrial sediments also occurs. Several Cretaceous and Quater-
nary sediments cover part of the syncline. 
For the development of the scientific program of testing 
geothermometer data consistency, a first sampling campaign 
was carried out in lithologies of different ages in the Bu?aco 
syncline. A total of 30 samples from 5 geological sections 
(Domes, Penacova, Poiares, Ceira and Bufaco) were col-
lected. For each sample the mineralogical composition of 
both total rock and clay fraction (separated by sedimentation, 
according to Stokes law), was determined by X-ray diffrac-
tion (CuKa-radiation) on Philips PW1130/90 and X'Pert 
PW3 040/60 equipments. The clay fraction (< 2 |im) was ana-
lysed on oriented aggregates. Qualitative and semi-quanti-
tative mineralogical analyses followed criteria recommended 
by Schultz (1964), Thorez (1976), Mellinger (1979) and 
Pevear and Mumpton (1989). Illite "crystallinity" was assessed 
through the Kiibler (1964) index, according to Kisch (1991). 
Esquevin (1969) index was also assessed. 
The results show some consistency with a range of tem-
peratures from 150°C to 200°C in the Lower to Middle 
Ordovician and of 100°C to 150°C in the upper Ordovician 
to Silurian. In the near future, the investigation will proceed 
on the basis of additional sampling for statistical validation 
of the preliminary results herein presented. 
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MORPHOLOGICAL CHARACTERISTICS OF CLAY MINERALS IN DIFFERENT ROCK 
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Characteristics of clay minerals in different rock types 
from the Mátra and Bükk Mountains (North Hungary) were 
studied in order to find some relation between the genesis 
and morphological features. 
The examined samples were divided into the following 
groups: 
• altered andesites and pyroclasts of the Recsk epither-
mal mineralisation; 
• vein-associated altered rocks of the Central Mátra 
mesothermal mineralisation; 
• Mesozoic argillic shales in the Bükk Mountains; 
• Oligocene and Miocene argillic sedimentary rocks in 
the Mátra Mountains; 
• Miocene volcano-sediments in the Mátra Mountains. 
The clay minerals in the samples were identified by X-ray 
diffractometry, and thermoanalytical and chemical analysis 
carried out on separated fractions less than 60 p.m in grain size. 
The morphological characteristics were studied by transmis-
sion and scanning electron microscope. The morphological 
characteristics of clay minerals are as follows. 
Almost all examined samples contain illite. The illites of 
the hydrothermally altered rocks are represented by flawless-
edged, lath-shaped ctystals with terminal faces. The morpholo-
gy is shifted towards a squat, hexagonal habit with increasing 
crystallinity degree. In the sedimentary formations the auto-
genic illites are elongated, rectangular forms, similar to those 
in hydrothermally altered volcanics but have no terminal faces. 
Kaolinites in the hydrothermally altered volcanics are idio-
morphic, platy, pseudohexagonal crystals with usually perfect 
edges in stacked structures. Occasionally the edges are jagged 
as a result of post-genetic effects. In the sedimentary rocks the 
kaolinites are rounded grains or irregular fragments. 
Montmorillonite is characterised by the lack of euhedral 
forms in all rock types. Montmorillonites are most abundant in 
the halmyrolised pyroclastics. In the Recsk epithermal mine-
ralisation their amount is subordinate but they are more special 
in the vein-associations of the Central Mátra. The crystals are 
irregularly shaped, ruggy plates with locally coiled edges. 
According to the results, the study of morphological 
characteristics promotes the solution of genetic questions. 
However—as clay minerals of different origin can appear in 
similar forms—the results of other analytical methods and 
the geological setting also have to be considered. 
References 
DE LA FUENTE, S. , CUADROS, J . , FIORE, S. , LINARES, J . 
(2000): Clays and Clay Minerals, 48, 339-350. 
SERES-HARTAI, É. (1983): Földtani Közlöny, 113, 97-117. 
WHITE, G. N., DIXON, J. B. (1995): Texas Society of Elect-
ron Microscopy Journal, 26 (1), 9-11. 
62 www. sei. u-szeged. hu/asvanytar>/acta. htm 93 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
TYPOMORPHIC PECULIARITIES OF CAMBRIAN CLAY OF ST. PETERSBURG REGION 
SERGEEV, D. S. 
Department of Mineralogy, Saint-Petersburg State University [Кафедра минералогии, Санкт-петербургский государственный университет], 
nab. Universitetskaya 7-9, Saint-Petersburg, 199178, Russia 
E-mail: ds-sergeev@hotmail.ru 
The Lower Cambrian "blue" clay of St. Petersburg region 
is a unique geological object in many aspects. Peculiar inte-
rest to these rocks is caused by their slight digenetic transfor-
mation taking into account their considerable age (> 500 
million years) and their great thickness (cca. 150 m). The 
region of study is part of the northeast region of Russian 
Platform. These rocks have big practical importance as build-
ing and ceramic materials, otherwise Cambrian clays are 
regarded to be oil-bearing rocks (deposits in Kaliningrad). In 
recent times the clays are also studied as very perspective 
rocks for burial of radioactive waste. 
Aim of this work was to make clear the mineral composi-
tion of the clays and some features, concerning the clay and 
sulphide minerals. 
The Lower Cambrian clays were divided by a centrifuge 
into two parts: a pelite and a heavy fraction, which were ana-
lysed by X-ray powder diffraction, microprobe and optical 
observation. The following mineral groups and species were 
determined: allotigenic minerals are quartz, feldspar, alman-
dine, ilmenite, zircon, kaolinite, chlorite and partially illite; 
the authigenic minerals are mixed layer mica-smectite, trans-
formed illite, chemical-biogenic pyrite, marcasite, troilite (?) 
and carbonates. In the pelite fraction interlayer deficient mica 
of illite series with the polytype lM d predominates. The 
changes in symmetry and shape of 001 reflection of mica 
before and after saturation by glycol indicate increasing 
smectite contents in mixed layer phase in deeper parts of the 
section. In the pelite fraction there is also admixture of kaoli-
nite and chlorite. Backwards zone in montmorillonite-illite 
transformation can be explained by migration of hydrocar-
bons in sedimentations, which lay up expanded structures 
and stopped their transformation into illite. 
The region studied doesn't include oil deposits. It can be 
related to its position on the flanks of a syneclise, and result-
ing shortage of sedimentary and organic matter. Sulphides in 
the sedimentary basin were formed in several levels of the 
water-sedimentation regime by bacterial sulphate reduction 
of dispersed organic matter: 
S04 2" + CmHn • C 0 2 + H2S 
+ + 4 
H 2 0 0 2 H 2 C 0 3 H 2 0 + S2-
Formation of sulphides in the clays goes on by deepening 
of the sedimentary basin, where the process of sulphate re-
duction gives way to the dissociation of H2S. Otherwise there 
are also processes of material redeposition, causing enrich-
ment of S2~ ions. 
The unique feature of the object studied is its weak postse-
dimentary transformation, which makes possible to observe 
phenomena, typical for regions with oil and gas deposits: 
backwards zone in montmorillonite-illite transformation and 
sulphide mineralisation, such phenomena are normally con-
centrated in oil-deposit regions. 
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Adsorption and desorption studies were carried out on 
brown forest soils characterised by clay illuviation. The 
samples were taken from the accumulation horizons of soils 
developed on clayey aleurolites. The clay mineralogy of the 
studied samples is strongly varying: one of them is characte-
rised by high clay mineral content (45%) and by low charge 
montmorillonite, while the other one is by low clay mineral 
content (15%) and vermiculite, as well as chlorite-vermicu-
lite interstratified mineral phases. The Cu, Zn and Pb adsorp-
tion experiments were performed in competitive situation, 
and in the concentration interval of potentially mobile heavy 
metal fractions of sewage sludge (Cu 200 mg/1, Zn 1200 mg/1, 
Pb 250 mg/1). The desorption of adsorbed heavy metals from 
the soil samples was carried out in the following four step 
according to the sequential extraction after Li et al. (1995): 
a) exchangeable fraction by MgCl2 extraction, b) specifically 
adsorbed fraction by NaOAc extraction, c) fraction bound to 
Fe-Mn-oxides by NH2-OH-HCl extraction, and d) fraction 
bound to organic matter by H 2 0 2 - H N 0 3 extraction. 
The affinity of the studied metals to soils decreases as 
follows, independently of soil.composition: Pb > Cu > Zn. Our 
studies confirmed that the presence of copper and lead has a 
significant effect on zinc adsorption, while the inverse is not 
true. The affinity of lead and zinc to soil samples decreases 
with the dominant clay mineral species in the sequence of ver-
miculite > montmorillonite, while samples characterised by 
montmorillonite adsorb more copper than the vermiculite 
dominated ones. Desorption is also a selective process simi-
larly to adsorption, and the mobility of adsorbed metals in-
creases as follows: Cu < Pb « Zn. The ion exchange is of 
importance primarily in the samples of high clay mineral con-
tent. This process is significant in the case of copper and zinc, 
as well as of lead in samples characterised by montmorillonite, 
and vermiculite, respectively. The ion exchange of zinc is more 
important than the specific adsorption of this metal, because 
metals characterised by high affinity to soils (Pb, Cu) are 
adsorbed mainly on the specific sites in competitive situations. 
Clay minerals in soils can play an important role in the im-
mobilisation of an eventual heavy metal contamination. The 
immobilising effect of a soil decreases with the increasing 
number of polluting metals, and a very small pH change (one 
unit) can result in loss of an important part of this capacity. 
The advantage of complex soil composition is that soil acts as 
a selective buffer for the change of natural conditions. The loss 
of the buffering capacity of one of the soil compounds does 
not result in the loss of effect of the other components. 
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A CRITICAL REVIEW OF THE ELECTROKINETICS OF CLAY MINERAL PARTICLES 
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Chemical properties of soils and aquatic sediments are 
largely determined by the surface physicochemical interactions 
at the mineral surface and aqueous interface (Stumm, 1992; 
Sposito, 1984). Electric charge and ionic interaction of comp-
lex surface processes is conveniently studied by electrokinetic 
measurements (Hunter, 1986; Williams and Williams, 1978; 
Sondi et. al., 1996; Leroy and Revil, 2004). Its outmost impor-
tance is in studies of clay minerals the main components of 
suspended matter and sediments in natural aquatic systems 
(Sondi and Pravdic, 2001; Sondi and Pravdic, 2002). 
This lecture discusses the electrokinetic properties of clay 
mineral particles, based on knowledge of diversity of their 
structural properties, chemical composition, and surface phy-
sicochemical interactions. Such studies have been spawning 
much interest in environmental science and material che-
mistry studies. 
Numerous investigations have shown that organic matter 
adsorbed at the particle surfaces, modifies the original phy-
sicochemical properties of underlying surfaces, and dominates 
surface interactions of mineral particles with the aquatic 
medium (O'Melia, 1989; Beckett and Le, 1990; Sondi and 
Pravdic, 2001). In natural aquatic systems, the omnipresent 
humic substances are the most important component of the or-
ganic film covering the surface of mineral particles, particular-
ly of high adsorptive capacity clay minerals (Sposito, 1984). 
Therefore, this lecture also describes the influence of adsorp-
tion of humic macromolecules on electrokinetic properties. As 
a real life example, the electrokinetic behaviour of suspended 
clay mineral particles from the River Rasa (Istrian Peninsula, 
Croatia) will be discussed in view of their colloid stability, 
coagulation and sedimentation (Sondi et. al., 1995). 
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ILLITE-SMECTITE AS A PALAEOGEOTHERMOMETER 
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Fifty years have passed since Kiibler and Weaver first 
observed that 001 XRD peak of illite changes systematically 
with depth and ascribed this change to improving "crystal-
linity" at higher temperatures. In the late sixties the nature of 
this change was described in terms of layer ratio and ordering 
in mixed layer illite-smectite and the techniques for measur-
ing this ratio were developed. In 1979 Hoffman and Hower 
first proposed to use % smectite (%S) in illite-smectite in 
shales as a palaeogeothermometer. Based on the then avail-
able field evidence they suggested that the transition from 
random to ordered interstratification takes place at about 
100°C and from the nearest neighbor to longer range order-
ing at about 170°C. In the following years some investigators 
followed this approach but many criticised it, proposing 
instead various kinetic expressions; relating %S to a number 
of factors besides temperature (time, chemistry of pore water, 
type of ordering, chemistry of original smectite). 
Despite very abundant literature on the smectite illitisa-
tion in shales accumulated since Hower times, its validity for 
solving this controversy remains limited for two reasons: 
• the %S measurement in shales is difficult and the 
numbers have to be examined critically before using them; 
• the burial history of investigated section often is not 
reported, so only the present-day temperatures and not the 
maximum palaeotemperatures are available. 
The examination of the published data, taking these two 
aspects into account, makes the present author believe that 
John Hower was right. Particularly convincing is the evi-
dence of Price and McDowell (1993), who found randomly 
interstratified clays in Proterozoic shales from the Lake 
Superior basin, which have never been deeply buried. %S 
profile of the East Slovak Basin (Sucha et al., 1993) has been 
used in the following studies to calibrate palaeotemperatures. 
Three regional studies of the present author and his co-
workers seem to support Hower's palaeogeothermometer and 
suggest that it is more reliable than widely used organic 
indices. 
1)The Cambrian clays of Estonia, which have never 
been buried more than 1000 m contain cca. 20%S illite-
smectite, and this occurrence was used as an argument in 
favour of low-temperature time-dependent illitisation. Or-
ganic indices support this conclusion. However, K-Ar dating 
of illite-smectite from Estonian bentonites revealed short-
lasting illitisation event, coincident with the Caledonian oro-
geny (cca. 390-400 Ma). 
2) The Carboniferous shales of the Upper Silesia Coal 
Basin contain R > 0 illite-smectite at the present-day ero-
sional surface, which is inconsistent with Ro data for never 
deeply buried E part of the basin. K-Ar dating indicates Cre-
taceous heating event in the E part and the apatite fission 
track (AFT) dating supports IS against Ro evaluation of the 
palaeotemperatures (> 125 °C). 
3) %S in the Oligocene shales of Podhale flysch basin 
evolve gradually NW to SE from > 60 to < 15%S. 110-120°C 
palaeotemperature isoline based on %S is coincident with the 
line of total resetting of the detrital AFT ages (125°C). Ro 
numbers are erroneous because of overwhelming detrital vitri-
nite contamination. 
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GLAUCONITIC GRAINS IN THE MAGURA BEDS FROM THE POLISH OUTER 
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Oligocene deposits containing glaucony which crop out in 
the northern part of the Magura Nappe in the Polish Outer 
Carpathians were investigated from the mineralogical and 
sedimentological point of view. The upper part of these depo-
sits called the Magura Beds consists of sandstones and shales. 
They are up to 900 m thick and are considered to be formed 
by gravity flow processes in weakly oxic environment (Lesz-
czynski and Malata, 2001). Five representatives samples of 
sandstones were collected from two profiles in Ropica and 
Folusz villages. 
To separate glauconitic grains, the samples were disaggre-
gated and sieved to obtain the size fraction > 0.063 mm. The 
fraction was then magnetically separated, submitted to acetic 
acid treatment and ultrasonic cleaning to remove carbonates 
and any potential contaminants. Finally, non-glauconitic grains 
were removed by hand-picking under a binocular microscope. 
The purified glauconitic sample was submitted to further in-
vestigations: the morphologic features and internal structure 
were studied by applying optical microscopy and scanning 
electron microscopy, the EDS analyses gave a statistical appro-
ximation of the chemical composition and basic mineralogical 
data were obtained using X-ray powder diffraction. 
In the studied beds the glaucony occurs only as a granular 
facies. The green grains are one of the components of the 
framework in which they constitute up to 10% of the composi-
tion. The grain size ranges from 0.06 to 0.5 mm but the 
fraction < 0.2 mm is predominant. The grains are mainly dark 
green in colour (light coloured grains represent only a few per-
centage of each sample). They exhibit mostly three types of 
morphological forms: spheroidal-ovoidal, tabular-discoidal and 
irregular, which is characteristic of broken grains. Usually the 
surface of the grains is smooth and glossy but cracked grains 
are also frequent. SEM observations revealed random agg-
regate of flakes within the grains as the only microstructure. 
X-ray diffraction analyses show high degree of structural 
ordering of studied glaucony. Almost all peaks in the diffrac-
tograms assigned to evolved and highly evolved glaucony 
(sensu Odin and Matter, 1981). Some features such as: the 
positions of first order basal reflection (001), between 10.0— 
10.3 Â in studied samples, presence of the sharp (112) and 
(112) reflections indicate high degree of glaucony evolution. 
Nevertheless, absence of the (113) and (021) reflections and 
usually asymmetrical shape of (001) reflection is evidence of 
small amount of expandable layers in the glaucony structure. 
The observed d(060) value equals 1.511 Â in three diffraction 
patterns and 1.512 Â in two others. The chemical composi-
tion of the glaucony is as the average reported in the referen-
ces (Wiewiôra and L^cka, 1980), except the S i0 2 content 
which is higher (51.4-58.3%). The A1203 content varies from 
8.9% to 13.5% and the amount of Fe 2 0 3 varies from 15.9% to 
23.2%. All samples are characterised by high content of K 2 0 
(> 7% up to 8.6%). Some amounts of MgO, NaO and T i0 2 
were also determined. 
The chemical composition and X-ray parameters of 
glaucony samples from both profiles are similar. Only 
minor differences between these samples were observed. 
The data indicate that glauconitic grains of each sample 
reflect the evolved or even highly evolved stages of glauco-
nitisation. 
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Lake Baikal is the world's deepest and most voluminous 
lake. The sediment thickness reaches a maximum of approxi-
mately 8000 m. The attached bacteria were transported by 
the sedimentation of particles to the less favourable deep 
cold water of Lake Baikal, where microbial iron reduction is 
a major respiratory process in low-temperature sedimentary 
environments. 
Temperature appears to be a dominant factor controlling 
extraction of Fe from clay minerals. The clays are more 
weathered during the diatom-rich intervals in agreement with 
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Fig. 1: Release of Fe from clay rich silicate samples during 
bacterial leaching A) at 4°C and B) at 22°C 
The Fe extraction rate is five times lower at 4°C than at 
22°C during bacterial leaching of clay (Fig. 1) and diatom rich 
samples from Lake Baikal. Bacterial activity in Fe reduction 
from clay rich samples was detected at 4°C later (in 8th lea-
chate sampling) in comparison with cultivation at 22°C when 
bacterial activity was detected in fourth leachate sampling. The 
final Fe concentration at 4°C is not known yet because is al-
ready monitored. The highest concentration at Fe extraction 
was 43 |im Fe per gram of clay rich sediment sample and was 
obtained in 8th leachate sampling. The iron precipitation and 
formation of Fe mineral phases was observed. 
Si extraction from diatom rich samples was also investi-
gated. The silica release after diatom dissolution led to neofor-
mation of clay minerals. It is possible to suggest on the basis 
of the results of our laboratory experiments how were clay 
minerals biotransformed during diatom-rich interval period in 
Lake Baikal. 
In oligotrophy waters, microorganisms prefer to live as 
consortia in biofilms that form at rock-water interfaces 
(Brown et al., 1999). Lake Baikal is also oligotrophic. That is 
why it is not surprising that formation of exopolysaccharides 
in our samples at clay/medium interface, in which Fe was 
accumulated at 4°C in slime matrix-biofilm, was observed 
also in our laboratory experiments. 
The original iron precipitate in biofilm was mostly in the 
form of ferrihydrite on the aerobic surface, and of siderite in 
the anaerobic part of the biofilm (Brown et al., 1999). In case 
of higher amount of available phosphorus also vivianite 
could be formed. 
These observations confirm the important role of bacteria 
on biochemical weathering of silicates minerals. It seems that 
also the parameters such as temperature, formation of organic 
acids and C0 2 production can influence the biochemical dest-
ruction of silicates and bioformation of clay and iron minerals. 
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WEATHERING OF ILLITE IN ACIDIC CONDITIONS 
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Two weathering profiles in the Western Carpathians were 
studied and set of laboratory experiments were conducted to 
understand stability of illite crystals during weathering pro-
cess. Both weathering profiles are developed on neogene 
hydrothermally altered volcanic rocks. First weathering pro-
file represents weathered mixed layered illite-smectites from 
Dolna Ves deposit with original expandability of 45%. Pure 
2M illite from Hodrusa with no expandability was exposed to 
weathering in the second profile. 
Natural acidic conditions were created by the organic 
matter and dissolution of disseminated fine-grain pyrite. The 
pH of samples was generally in the interval between 3 and 5. 
Weathering process is in both cases complex and represents 
parallel dissolution and precipitation of the new mineral 
phases. In both cases only a small portion of particles was 
affected by weathering. 
A complete dissolution of a certain number of illite par-
ticles took place in the case of Dolna Ves illite-smectite wea-
thering. We did not identified any proof for delamination or 
opening of illite interlayers. Smectite, kaolinite and illite 
were identified as the new phases present in the upper profile 
samples. Detrital origin of at least part of the illite was deter-
mined by K-Ar dating. 
On the contrary number of illite interlayers of limited 
number of Hodrusa hydrothermal illite particles were partly 
opened to create interstratified illite-smectite in the first 
phase of weathering. Illite-smectite dissapeared in the second 
one (upper profile samples). It was most probably replaced 
by smectite as a result of completed illite opening. K-Ar ages 
are close to stratigraphic age which means that detrital input 
of illite can be excluded. 
Set of experiments were conducted to show the role of 
humic acids in the process of weathering. Natural humic 
acids extracted from the peat were mixed with the powdered 
Dolna Ves clay. Both separated fine fraction and bulk clay 
samples were used for the experiment. Clays and humic acids 
mixed in different proportions were heated at 60° and 80°C 
up to 42 weeks. Results show slight alteration of illite-smec-
tite and origin of authigenic phases of discrete illite, smectite 
and kaolinite. Experiment results were almost identical with 
naturally weathered samples. 
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High sulphidation hydrothermal events are considered to 
be the first phase of a hydrothermal activity of the Stiavnica 
stratovolcano situated in Central Slovakia (Western Carpathi-
ans). They are connected with base metal stockwork minera-
lisation, formation of large amounts of secondary quartzite 
and intensive clay alteration. 
Aluminium rich hydrothermal alteration lead to the origin 
of different clays, mostly: 2M1 illite, pyrophyllite, kaolinite, 
rectorite and Al-chlorite. Analyses of the clay alteration pro-
ducts show that the high sulphidation fluids were enriched in 
ammonium. Ammonium was detected in illite and rectorite-
like minerals by both FTIR spectroscopy and chemical analy-
sis. Occurrence of ammonium bearing minerals is spread 
over larger area and it is not concentrated on one spot only. 
Ammonium is not the dominant cation of the illite interla-
yers, it occupies in average 10% of the interlayer cation sites. 
The dominant interlayer cation is potassium. Rectorite from 
the region has also significant part of sodium in the non-ex-
panding interlayers (up to 35%). Ammonium seems to be a 
general feature of high sulphidation fluids in the Carpathian 
Arch. It was reported from similar geological environments 
in Vihorlat volcanic region (Slovakia) and Harghita volcanic 
region (Romania). 
An interesting feature was observed during XRD ana-
lyses of air-dried samples of rectorite. The series of 001 peaks 
represents a mixture of two sets of reflections. One set can be 
assigned to rectorites with expandable interlayers with one 
layer of water molecules and the second set to rectorites with 
two water layers. Difference disappears when the specimens 
are saturated with ethylene glycol. During physical separa-
tion of the size fractions using centrifuge the particles with 
two water layers in the interlayer are concentrated in the finer 
fraction (< 0.2 mm). Particles with one water layer are domi-
nant in the fraction 0.2-2 mm. Clear difference in the water 
content between two fractions was determined gravimetri-
cally but no difference in chemical composition was found. 
Different behaviour of two size fractions is regarded as a 
result of different layer charge connected with the existence 
of two generations of illite-smectite crystals. 
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INVESTIGATION OF HUNGARIAN MONTMORILLONITES AND PREPARATION OF 
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Pillared clays (PILCs) are microporous materials. The 
preparation procedure of pillared clays is based on the inter-
calation of large metal cations between the clay sheets by an 
ion exchange procedure. A second step converts these pillar 
precursors into rigid oxide particles that are tightly bonded to 
the clay layers. 
These inorganic oxide pillared clays offer good properties 
as ion exchangers and ion selective membranes, protective 
coatings, and sensors; they can be used in pollutant scavenging 
and waste management, acid or non-acid catalysed organic 
reactions. 
A variety of pillaring species is known including organic 
cations, organometal pillars, metal oxide sols, metal comp-
lexes, and polyoxycations. Some mixed pillars are used for 
forming specific active sites in the material. The intercalation 
of clays with polyoxycations of Al3+ resulted in one of the first 
types of inorganic PILCs. This is also the most investigated 
pillared layered clay up till now. The main pillaring agent that 
is responsible for the 10 Á interlayer distance in alumina-
pillared clays, is the Al3+ oligomer [ A l n O ^ O H ^ H j O ) ^ 7 * , 
briefly AI13 = Keggin ion. This polyoxycation is the result of a 
controlled hydrolysis of aluminium salts. 
Different kinds of natural samples were taken of the Hun-
garian bentonite deposits Mád, Koldu and Istenmezeje for 
preparation and investigation of alumina-pillared interlayered 
materials. The morphological appearance of Koldu and Mád 
bentonites is very similar, while Istenmezeje bentonite has a 
little bit different features: the most jagged, frilled surface of 
the adhered bunches and the least grain size. For pillaring 
two different kinds of concentrations of clay suspensions 
were prepared, namely 10 g/1 and 15 g/1. 
A pillaring solution of Keggin ion was added to the clay 
suspensions of raw bentonite and also between the sodium 
saturated montmorillonites sheets, and after mixing for a few 
hours the suspensions were filtered and washed. The success-
fully intercalated montmorillonites with aluminium-polyoxy-
cations were settled to the bottom of beaker, and the sediments 
looked as a velvet and were softly light. In the intercalated pro-
ducts were detected well discernible colour and textural diffe-
rences for lower (10 g/1) and higher (15 g/1) concentration clay 
suspensions. The intercalated materials were air dried at am-
bient temperature on a glass plate and subsequently calcined at 
350°C for 3 hours, and also at 500°C for 2 hours in air. 
Resulting alumina-pillared clays were characterised by 
X-ray diffraction measurements. A basal spacing around 18.5-
19.5 Á indicated right away that alumina pillaring occurred 
since the layer thickness of an anhydrous smectite layer is 
9.5 Á and the size of the Al t 37+ Keggin ion is about 9 Á. The 
d(001) values of Istenmezeje intercalated montmorillonites 
were the lowest, the calcined samples had line broadening, as 
well as the basal peaks of clays were partly returned. Calcin-
ed Mád clay samples display the least decrease in d-spacing 
indicating the best pillared samples for sodium form, both for 
lower and higher concentrations of clay suspension. Mád and 
Koldu pillared layer structures absolutely fulfil the minimum 
criteria of pillared material according to the X-ray. Pillared 
samples prepared by 15 g/1 concentration of clay suspension 
disclose lower d-spacing loss for all clay than 10 g/1 at 500°C 
temperature. Furthermore, thermal analysis, and BET surface 
area measurements were applied to examine the new materi-
als. Alumina-pillared Hungarian clay minerals (Na-Mád and 
Na-Koldu) have specific surface areas around 150-200 m2/g 
that nicely meets the accepted requirements. The alumina pil-
laring was successful in highly concentrated clay suspensions 
(10 and 15wt%) and highly concentrated aluminium-polyhyd-
roxy complex solutions by simple stirring at room tempera-
ture. This method provides an economical way to synthesise 
alumina-pillared clays in a high scale production. 
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ZEOLITE AND CLAY MINERALS AT THE CONTACT OF CRETACEOUS MARLS WITH 
TERTIARY BASANITE (GRACZE QUARRY, OPOLE, SILESIA, POLAND) 
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The contact metamorphism of Cretaceous marls (lower 
Senonian-Coniacian) (Alexandrowicz and Birkenmajer, 
1973) and hydrothermal alteration of tuff in neighbourhood 
of Tertiary basanites from the Gracze quarry were studied. 
Samples collected in the Gracze quarry represent marls 
and tuff conected with the first stage of volcanic eruptions. 
According to Kapuscinski and Probierz (1999), tuff is com-
posed of pyroxene (augite and diopside), olivine, magnetite, 
nepheline, clay minerals (illite, montmorillonite) and zeolites 
(chabasite series). Calcite, serpentine and zeolites replace 
primary olivine. 
Recently the progress of exploitation allowed to collect 
samples under the basanite. Scanning electron microscope 
with energy dispersive spectrometry, X-ray diffractometry 
and optical microscopy were used for the investigations. 
The studied tuff is composed of pyroxene (augite-diop-
side), nepheline, Fe-, Ti-oxide minerals, calcite, serpentine 
and smectite. Zeolites represent two groups: natrolite type 
(NAT according to International Zeolite Association classifi-
cation; Baerlocher et al., 2001) and phillipsite type zeolites 
(PHI according to this classification). Chemical composition 
of zeolite minerals is strongly variable, especially in the con-
tents of Fe, K and Mg. Natrolite is present in tuff close to the 
basanite-marls contact and phillipsite dominates in tuff situa-
ted between lava flows. Natrolite occurs in marls close to the 
cotact; phillipsite is present in samples collected from the 
lower part of the profile (marls and sandstones beneath 
marls; Fig. 1). Phillipsite is also present in one sample of 
marl collected in strongly tectonised zone. 
Zeolite minerals occur in spherical forms, grown in the tuff 
and in lower amount in marls. Spherical forms are also present 
in cracks in marls. Morphology of zeolite crystals is variable: 
euhedral prismatic crystals (in tuff and marls) often are over-
grown by fibrous branchy zeolite (only in tuff). Almost pure 
smectite was identified in all tuff samples. In marls I/S mixed 
layer minerals are present together with mica. 
It seems that crystallisation of natrolite and phillipsite 
was not related separately to temperature or chemical compo-
sition of solution, but resulted form overlapping of both of 
these factors. Probably also other factors were important (e.g. 
solution-rock ratio controlled by rock permeability). Tempe-
ratures determined experimentally (Wirsching, 1979; Wir-
sching, 1981) for growth of Na zeolites (natrolite) were 
described by as lower than cca. 150°C (at pH « 12.5 and 
surplus of Na+). 
+ + + + 
+ + 
+ + + + + + 
BASANITE + + + 
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Fig. 1: Sketch oflocalisation of different zeolite 
phases (NAT: natrolite, PHI: phillipsite) 
Phillipsite crystallises at higher temperature range from 
150-250°C (at pH 12-13; Kawano and Tomita, 1997). For 
growth of phillipsite phase in those temperatures fluids with 
surplus of K+ ions are necessary (Wirsching, 1979). 
Crystallisation of secondary minerals was related to 
hydrothermal fluids activity. The sequence: euhedral zeolite 
—> fibrous branchy zeolite —» smectite was related to the 
decreasing temperature. Ions necessary to growth of these 
minerals were supplied from decomposition of primary 
minerals in tuff and basanite. 
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SYNTHESIS, CHARACTERISATION AND CATALYTIC APPLICATION FOR WET PHENOL 
OXIDATION OF AN IRON-CONTAINING PILLARED CLAY 
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Microporous solids synthesised by intercalating volumi-
nous metallic complexes between structural layers of swell-
ing clays, such as montmorillonites, are an ongoing subject 
for research in heterogeneous oxidation catalysis. 
High surface area pillared clays (PILC) were prepared 
from naturally occurring montmorillonites by exchanging inter-
layer ions with polyoxocations containing a) iron (Fe-PILC), 
b) aluminium (Al-PILC), c) iron adsorpted onto Al-PILC, and 
d) iron and aluminium located within the same complex 
(AlFe-PILC). Polyoxocations Al13_xFex04o7+ (x = 0 /1.5) with 
like Keggin structure were prepared by base-hydrolysed 
AlCl3-FeCl3 solutions. The obtained AlFe-PILCs and Fe-
PILCs were characterised by far FTIR spectroscopy, ESR, 27A1 
NMR, scanning electron microscopy and BET surface area 
measurements. 
-.60 
0-1 . , . , . 1° 
0 20 40 60 
Iron content, mg'g"1 
Fig. 1: Influence of the iron content in the Fe-PILCs and 
leaching of iron from samples on catalyst activity ([PhOH] = 
1 mM, [H202] = 14 mM, [catalyst] = 1 g l"1, pH = 6.2, 50°C) 
Catalytic properties of AlFe-PILCs and Fe-PILCs were 
studied in the wet peroxide oxidation of phenol. It was found 
that catalytic activities of Fe-PILCs correlated with the iron 
initially contained in the catalyst and the total amount of dis-
solved iron by the reaction (Fig. 1). 
The induction period which observed on AlFe-PILCs and 
Fe-PILCs is not produced by diffusion limitations. Probably 
the induction period account for a) the necessity to reduce 
ferric into ferrous ions, b) differences in the accessibility to 
the active sites in the solids and c) differences in the nature 
of iron in the solids. From ESR characterisation, it was de-
duced that on Al-PILCs, iron is present as isolated species, 
probably located on the clay and as oxide clusters, whereas 
on AlFe-PILCs, an other isolated species was detected, pro-
bably located on the pillars. From the catalytic results, it can 
be concluded that this latter species catalyses more efficient-
ly the total phenol oxidation than the others do. 
Important factors affecting catalyst activity and phenol 
removal efficiencies were studied, i.e. the effect of pH, tem-
perature, catalyst concentration and the stability of the cata-
lyst. It was established that AlFe-PILCs allows a total elimi-
nation of phenol without significant leaching of iron ions. It 
was also observed that by using this catalyst, it is possible to 
extend the range of pH value (pH = 3.5 - 6.2) for which 
Fenton-type oxidations can occur. The optimum pH value for 
AlFe-PILCs is around 3.5-4.0. 
The stability of AlFe-PILCs was studied. It was shown 
that during three cycles AlFe-PILCs can be used without lost 
catalytic activity and iron leaching. 
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PILC 
Fig. 2: According to SEM data the natural clay are lath-
shaped, but air heating AlFe-PILCs have the house of 
cards structure. In flocculated clays both face-to-face 
(lamellar) and delaminated (edge-to-face and edge-to-
edge) layers occur. 
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THE INFLUENCE OF CATION INTERCALATING INTO CLAY ON ACIDIC PROPERTIES 
TIMOFEEVA.M.N.. ' MIKHALIN, N. V.,2 BUDNEVA, A. A.,2 KHANKHASAEVA, S. TS.,2 BADMAEVA, S. V.,3 
RYAZANTSEV, A. A.3 
1 Boreskov Institute of Catalysis [Институт катализа им. Г. К. Борескова], pr. akademika Lavrent'eva 5, Novosibirsk, 630090, Russia 
: Baikal Institute ofNature Management [Байкальский институт природопользования], Sahyanovoy 8, Ulan-Ude, 670047, Russia 
Water Supply Department, Siberian Transport University [Кафедра гидравлики и водоснабжении, Сибирский университет путей 
сообщения], D. Koval'chuk 191, Novosibirsk, 630049, Russia 
E-mail: timofeeva@catalysis.nsk.su 
Pillared clays (PILC) are applied both as support and 
active phase in heterogeneous catalysis. These materials may 
possess acid-base character as well and in some cases they 
are regarded as super acidic materials. Our task was to find 
the correlation between the type of cation species (pillaring 
agent) intercalating into the interlayer space of clay and cata-
lytic activity of PILC (Mn+x/n(Al4-xMgx)(Si)g02o(OH)4 mont-
morillonite type, M = Na+, H+, cation of Keggin structure 
Al|37+). The nature of pillaring agent determine the surface 
area and pore size. X-ray and BET data show that texture 
characteristics depends on thermal treatment of A l ^ - P I L C . 
Acidities of PILCs (Na+-PILC, H+-PILC and A1,37+-PILC) 
were studied by IR spectroscopy both analysing the band due 
to OH-vibrations and following the adsorption of carbon 
oxide. Acid strength distribution of the PILC pretreated under 
different conditions was determined by using an indicator 
method. It was found that the total acidity was increased in the 
order: Na+-PILC > H+-PILC > A1I37+-PILC (Table 1). The 
number of acid sites decreases exponentially. As the pretreat-
ment temperature of PILC is increased, the measured number 
of most strongly acidic sites (H 0=-5.6) increases up approxi-
mately 500°C, apparently due to the elimination of water 
molecules previously guarding the proton. 
The catalytic property was studied in the reactions such 
as the acetone dimerisation (I) and the reaction of propylene 
oxide with methanol (II): 
ff ft 9H 
(i) 2CH3-C-CH3 — • CH3-c-CH2-<j:-CH3 
CH3 
(II) CH3-CH~CH2 + HOCH3 — - CH3CHCH7OCH3 + CH3QHCH2OH 
<y OH OCH3 
(1) (2) 
It was shown, that in both reactions catalytic activity of 
PILCs correlated with the amount and nature of the acidic 
sites and increased in the order: Na+-PILC > H+-PILC > 
A1|37+-PILC. In the reaction (II) the selectivity is virtually 
independent of the nature of the pillaring agent. Catalytic 
activity increased with increasing total acidity. It was estab-
lished that catalytic activity depends on pretreatment proce-
dure, namely temperature, nature and ratio pillaring agent-
clay. The mechanisms of reactions (I) and (II) in the presence 
of PILCs was discussed. H+-MM and A1]37+-MM were more 
efficient than H-ZSM-5 and bentonite in both reactions. 
Fig. 1: The reaction propylene oxide with methanol (C3H70 / 
MeOH = 1/10 mol) in the presence of PILCs (3wt%) at 60°C 
for 6 hours 
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Table 1: The main characteristics of PILC 
A (A) Acidity, mmolg ' 
PILCs "001 
Â 
Ы 0 4 
s'1 (B) Ho = -5.6 
(C) 
Ho = -3.0 Ho = +3.3 Ho = +4.8 
Na+-PILC 15 2.1 0.03 0.01 0.04 0.30 0.42 
H+-PILC 15 4.7 0.04 0.10 0.20 0.28 0.41 
A1137+-PILC 17 9.3 0.06 0.10 0.24 0.32 0.43 
(A) Reaction rate constant of acetone dimerisation reaction (50°C, catalyst 10wt%, PILCs heated at 500°C, 3 hours); 
(B) Total acidity measured by adsorption CO; (C) Acid strength distribution was determined by Hammet acidity 
titration with n-butylamine 
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SURFACE CHARGE HETEROGENEITY EXPRESSION IN AGGREGATION OF 
MONTMORILLONITE LAMELLAE 
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Montmorillonite layers have permanent negative charges 
due to isomorphic substitutions, and pH-dependent charges de-
velop on the surface hydroxyls (Si-OH, Al-OH) at edges. 
Acid-base titration of well defined Na-montmorillonite sus-
pension at different ionic strengths has been proved to be ac-
ceptable to characterise the pH-dependent charge development 
on amphoteric edge sites and to determine the point of zero 
charge (PZC) of edges. The evaluation of reversible net proton 
surface excess vs. pH functions has revealed that the OH 
groups at edges having PZC at pH ~ 6.5 are less basic than the 
Al-OH sites of alumina and less acidic than the Si-OH groups 
on silica surface. Positive charges can develop in a protonation 
reaction of Al-OH sites at edges only at pHs below cca. 6.5, 
and deprotonation of Si-OH, then that of the Al-OH sites takes 
place with increasing pH of solution resulting in negative 
charges at edges. Therefore, the patch-wise charge heteroge-
neity of montmorillonite, i.e. oppositely charged surface parts 
of platelets, exists only under acidic conditions, which may 
remain hidden at low salt content due to the spillover of the 
negative electrostatic field emanating from the face of mont-
morillonite plates. The effect of pH and indifferent electrolytes 
is mutual; none of them can be interpreted alone. 
Coagulation kinetics measurements resulted in reliable 
stability ratio data for fine montmorillonite sols at different 
pHs, and provided indisputable characterisation of hetero-
and homocoagulation. Edge-to-face heterocoagulation occurs 
above NaCl concentration 25-26 mmol/1 at pH = 4, where 
the hidden electric double layer (EDL) of positively charged 
edge region has emerged. Edge-to-face attraction between 
the poorly charged edges and negatively charged faces of 
platelets around the pH of PZC of edges (pHPZc.edgc ~ 6.5) in 
relatively low concentration of the indifferent electrolytes 
(typically around 50 mmol/1 NaCl) is probable. The homoco-
agulation of uniformly charged lamellae at pH 8-8.5, forma-
tion of face-to-face aggregates requires much higher salt con-
centration (typically around 100 mmol/1 NaCl) to compress 
the dominant edl on the highly charged faces of particles. 
The surface charge heterogeneity of highly anisometric 
montmorillonite plates influences the ordering of lamellae in 
the self-oriented films. X-ray diffraction patterns of montmo-
rillonite films prepared from slightly acidic suspensions pro-
ved that formation of well ordered layer packages is hindered 
by the attraction between edges and faces. Random edge-to-
face fractal aggregates form below pH = 7, while well 
oriented face-to-face structure can develop, if the pH of 
initial suspension is above pH = 8. 
Characteristic changes in gel formation and in Theolo-
gical properties induced by decreasing pH in dense suspen-
sions containing 0.01 M NaCl provided experimental evi-
dence for the structure of particle network. A significant 
increase in thixotropy and yield values, and also the forma-
tion of viscoelastic gels only at and below pH = 6.5 verify 
that attractive interaction exists between oppositely charged 
parts of lamellar particles. The lower the pH the larger the 
amount of positive charges on the edges of montmorillonite 
lamellae, therefore the attraction between the positively 
charged edges and negative basal plates becomes stronger 
with decreasing pH above the critical pH ~ 4 of the acidic 
dissolution of crystal lattice. 
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SUBSTITUTION PROCESSES DURING GLAUCONITISATION 
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By differentiating between glauconitic grains of different 
evolutionary stages within the same population we may get a 
deeper insight into the glauconitisation process. Previous 
studies dealt mainly with the highly evolved glauconitic 
grains (density around 2.8 g/cm3), which, due to the late 
evolutionary stage, often camouflaged the steps of 
glauconitisation. 
By studying also the low-density glauconitic grains 
(starting from >2.83 g/cm3 down to <2.33 g/cm3 with density 
steps of 0.05 g/cm3) the glauconitisation process (see also 
Weiszburg and Toth, 2004) can be traced back to the starting 
material. For this purpose, glauconite populations from 
sandstones of the Upper Oligocene Eger Formation 
(Hungary) have been studied in detail. The substrates for 
glauconitisation were volcanic debris (tuff fragments) and 
biogenic grains (foraminifera tests and test fragments, 
echinoderm test fragments, snails and faecal pellets). 
Selected grains have been studied by scanning electron 
microscopy (SEM equipped with energy dispersive 
spectrometer) and electron probe microanalysis (EPMA). 
The first step of glauconite formation is the primary 
precipitation of an iron-rich dioctahedral layer silicate of a 
layer charge around 0.5-0.6 that still contains relatively high 
amounts of A1 (up to 10-12 wt% AI2O3). We suppose that 
volcanic material contribution (e.g. tuff, volcanic debris) 
plays an important role in the formation of that iron-rich 
smectite precursor. Two major processes yield these 
smectites: (1) primary precipitation in semi-confined voids, 
e.g. foraminifera chambers and other fossil casts, voids of 
echinoderm test fragments, pores of volcanic tuff/glass and 
(2) primary precipitation as substitution of the carbonate test 
material, the (often glassy) matrix of volcanic debris and the 
chemically less resistant mineral grains within the hosting 
rock fragments (pseudomorph formation). Smectitic material 
precipitating in voids is porous at the beginning, and often 
contains detrital grains up to a size of 40 |im. Smectite 
formed by substitution is, on the other hand, more compact, 
of low porosity, and usually does not contain detrital grains. 
In the case of the carbonate test material substitution, the 
process seems to progress from the inside, from the already 
smectitic test-filling material towards the outer surface of the 
carbonate test. 
The main mass of nascent glauconite (i.e. iron-rich 
smectite precursor) is produced by primary precipitation in 
voids and substitution of the matrix of volcanic debris. 
Larger mineral inclusions (up to few tens of micrometres) 
within glauconitic grains may survive long: unaltered micas 
and feldspars have been observed to approx. 2.53 g/cm3 
density. A great part of detrital grain inclusions, however, 
slowly undergoes substitution: this process has been 
observed at feldspars, chain and layer silicates. The rest of 
the detrital grains (more resistant minerals like quartz or 
TÍO2 polymorphs) are supposed to get expelled from the 
glauconitic grains during the glauconitisation process. 
Detrital grains are already rare above 2.58 g/cm3 density. It 
should be noted that beside chemical resistance, crystal size 
is of primary importance in determining whether a mineral 
undergoes glauconitisation or not: unaltered amphibole, 
muscovite and feldspar crystals are present in the sandstone 
from the lowest studied grain size fraction on (63-125 (xm; 
feldspar is present even in the clay fraction). This size effect 
might be coupled by the fact that crystals already in the size 
range of the glauconite grains can hardly get into a semi-
confined environment that favours glauconitisation. 
The second phase of glauconitisation is a chemical 
evolution (for details see also Weiszburg and Tóth, 2004) 
affecting the void-filling and substituting smectitic materials 
similarly, so in the final stage there is no real difference 
between the two initial types. The iron-rich dioctahedral 
(octahedral occupancy 2.1-2.2) smectite precursor becomes 
denser and gradually turns into an iron-rich clear 
dioctahedral (octahedral occupancy around 2.0) mica. This 
well-known process involves the incorporation of K and Fe 
(both Fe2+ and Fe3+) into the structure parallel to the release 
of Al. 
The described processes result in homogeneous, low-
porosity grains at the end of glauconitisation, sometimes 
even the substrate type is difficult to recognise. 
This work has been supported by the SYS-Resource 
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Upper Miocene-Pliocene continental clastic rocks show a 
wide-spread distribution in Ankara region. They are well ex-
posed in a number of diverse sized depressions which are 
separated by a series of highlands. Ankara Basin is an approxi-
mately ENE-WS W trending, 18-20 km long and 6 -8 km wide 
depression. It is sedimentary fill, the Yalincak Formation, from 
bottom to top, consists of three lithofacies as debris flow 
conglomerate, braidplain conglomerates to sandstones and flood 
plain finer clastics. They were underlined unconformably by 
the Triassic graywacke-shale with carbonate blocks, Liassic 
clastics, Upper Jurassic-Lower Cretaceous limestones, Upper 
Miocene-Lower Pliocene volcanics and fluvial-lacustrine sedi-
mentary rocks (Kocygit and Turkmenoglu, 1991). 
The flood plain finer clastics of the Late Pliocene age 
Yalincak Formation were referred as "Ankara Clay" which 
consists of stiff and fissured reddish brown mudstone charac-
terised by caliche nodules and black patches of manganese 
oxide. The reddish colour (2,5 YR Munsell colour) is due to 
due high pigmenting colour of hematite and maghemite. This 
level is dominated by laminations, lensoidal channel conglo-
merates and normal to reverse type of growth faults. These 
are the evidences of unstable fluvial setting, climate with 
seasonal rains and pedogenic episodes interrupting frequently 
sedimentation of the Ankara Basin. A toposequential relation-
ship is indicated between the palaeosols (relict Red Mediterra-
nean soils) and Ankara Clay based on the erosive conditions 
and topography in the Late Pliocene period (Mermut, 1976; 
Cangir and Kapur, 1983). The red colour is related to oxidising 
conditions and periodic wetting and drying. The red pigment is 
primarily hematite which was produced by dehydration pro-
cess during periods of extended subaerial exposure. 
The dominant clay minerals in Ankara Clay are discrete 
illite, smectite, kaolinite, chlorite, mixed layer illite-smectite 
and mixed layer chlorite-smectite. Kaolinite is also present in 
small quantities. The degree of crystallinity of clay minerals is 
poor as revealed by XRD and FTIR data (Aras, 1991). Clay 
flakes are simply and tightly consolidated and the compaction 
process cause parallel orientation of them. The non-clay 
minerals are zoned plagioclase, calcite, quartz, maghemite, 
hematite, goethite and ilmenite. The coarse fraction of mud-
stone is derived from graywacke, limestone, andesite, quartzite 
and schist. Illite and chlorite were originated from schist, 
phyllite and graywacke while young andesitic volcanics 
supplied smectite into the depositional basin. The mixed layer 
clay minerals are the weathering products in an oxidative 
environment (Aras, 1991; Saglam et al., 2003). Chemically, 
the bulk samples of Ankara Clay contains 64—57% Si02, 
11-19% A1203, 6 -8% total Fe20, 2 -6% MgO, 1-3% CaO, 
0.4-1% N a 2 0 and 2-4% K 2 0 . The clay fraction, on the other 
hand, comprise 10-12% total iron as shown by Saglam (2002). 
This indicate that iron-rich smectite, illite and chlorite and 
amorphous Fe-oxides dominates the clay fraction. 
Extensive studies has been conducted by engineers on the 
geotechnical properties of Ankara Clay since the majority of 
the rapid growing Ankara city is sitting on this unit and its 
expansive character causes important damage on light build-
ings, road pavements and other engineering structures (Orde-
mir et al., 1977; Kasapoglu, 1982; Teoman et al, 2003). These 
properties are treated with special emphasis on its expansive 
properties which cause important damage on the engineering 
structures due to swelling, slope instabilities, settlement and 
landslides. Data collected for geotechnical engineering appli-
cations mainly involves mineralogy, grain size distribution, 
unit weight, specific gravity, compressibility, shear strength, 
Atterberg limits and index values (liquid limit, plastic limit, 
plasticity index), moisture content and cation exchange capa-
city. Works carried out for this purpose indicate highly plastic 
and expansive character of Ankara Clay. Therefore, research 
on the stabilisation of the clay material became a necessity. 
Due to rapid growth in population, Ankara city faces a 
yet unsolved environmental pollution problem caused by the 
disposal of the huge volumes of municipal waste. Wide-
spread occurrence of Ankara Clay makes it a potential mate-
rial to be used as a landfill liner. Some investigations (Sezer 
et al., 2003) treated Ankara Clay with special emphasis on its 
sorption capacity and hydraulic conductivity characteristics 
in addition to the clay mineralogical composition. The 
studies show that Ankara clay can be effectively utilised as a 
component of barrier design in sanitary landfills because of 
the suitability of its above characteristics. 
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Investigation of ancient ceramics provides a field for app-
lication of basic mineralogical and petrological techniques. 
The mineralogical changes during firing of the paste are very 
useful for an estimation of the ancient firing temperature and 
firing atmosphere, the nature of the raw material and the 
technology of the processing. Description of temper can be 
useful for identification of local or foreign production. Coo-
peration with archaeologists is also very important. The 
following contribution had an effort to use and accept of all 
mentioned aspects at the study of Kalenderber ceramics from 
Nové Kosariská (Dunajská Luzná). 
Kalenderber Culture is part of East Hallstadt cultures of the 
Earlier Iron Age (800-600 years B.C.). Dunajská Luzná be-
longs to the most important habitant in Middle Europe within 
the framework of Earlier Iron Age owing to presence and 
investigation of tumulus. Weaving workshop was discovered 
during last archaeological research in this area. There was a lot 
of resident ceramic materials with typical shape and decoration 
and predominately 170 pyramid weight from 2 looms. 
Sherd material is divided to coarse- and fine-wall ceramic 
according to macroscopic observations. The temper is visible 
in both type but in coarse-wall sherds can be observed large 
clasts over 1.5 cm in diameter. However both type belong to 
coarse ceramics conforming with modified Werthworth gra-
nulometric classification (Ionescu and Ghergari, 2002). Size 
distribution of grains and clasts is bimodal. It refers to pur-
poseful addition the temper into original raw material. There 
are quartz, feldspar, muscovite and biotite as major minerals 
of one part of the temper in ceramic. The other type of the 
temper are lithoclasts. Quartzites predominate over granitic 
and metamorphic lithoclasts. Ceramoclasts and soil nodules 
are presented rarely. 
The fabric of coarse-wall ceramics has random arrange-
ment. The structure of fine-wall sherds is also chaotic but 
slight orientation in the outer parts of the sherds was some-
times observed. Very weak features of circular arrangement 
were noticed in both types of ceramics. Forming and shaping 
of vessels was probably done by presing them out from a ball 
of clay by hand and/or beating the. clay with use the paddle-
and-anvil technique (Shepard, 1976). 
Mineralogical composition and structure of matrix suggest 
a fire temperature about 700-850°C. Ceramics have been fired 
in reduce or mixed atmosphere with exception of ceramics 
directly from object. They have been fired for the second time 
in oxidised atmosphere (workshop was destroyed by fire) and 
their colour is red. 
Wieving weights are different from ceramic materials. 
They were made from sand-clay material without large clasts 
and tempers. Weights can be determine as carbonatic for pre-
sence of calcite and dolomite. Their thermal adjustment was 
not higher than 200-250°C because the presence of expanded 
clay mineral'(mixed layered illite-smectite) were observed. 
The source of added the temper is from surrounding 
fluvial sediments of river Danube. The provenance of basic 
clay material used for production of ceramics is questionable 
but we suppose local origin. The provenance of raw material 
used for weaving weights is from local loess. 
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Term zeoponic represents artificial soils having zeolites 
as a major component. Their development has emerged as 
one of the leading research topics in the area of using natural 
zeolites in the agricultural and horticultural industries for 
cultivation of plants. Another component frequently added to 
the zeoponics are apatite-rich phosphate rocks. The combi-
nation of the zeolite ion exchange capacity and slow apatite 
dissolution leads to optimal conditions for the slow-release 
fertilisation (Ming and Allen, 2001). 
The possibility to use zeolite from Nizny Hrabovec for 
zeoponic substrates has been the main point of our interest. 
The volcano-sedimentary zeolite body at Nizny Hrabovec is 
the most important zeolite deposit in the Western Car-
pathians. These zeolites are clinoptilolite-rich, and they are 
mostly used in building industry as an admixture to cement. 
The mixture of NH4 and K-exchanged zeolites are predo-
minately used in zeoponic substrates. Therefore five samples 
(pure NH4 zeolite, mixtures of NH4 and K zeolites in ratio 
4:1, 1:1, 1:4 and pure K zeolite) were added to distilled water 
for 5, 30 and 60 days to determine their relationship at the 
releasing of exchangeable K+ and NH4+. The experiment 
showed that the amount of released 'K and also NH4 to 
a water solution depends on the total amount of K zeolite. 
The highest amount of NH 4 has been released by 50 and 80% 
content of K zeolite in the zeolite mixture. 
In the next step, we prepared artificial soils following 
procedures published over the last 15 years (Lai and Eberl, 
1986). A 1:1 mixture o f N H 4 - and K-exchanged Nizny Hra-
bovec zeolite was mixed with apatite concentrate from an 
unknown Russian deposit. Three zeolite-apatite mixture (1:1, 
5:1, 20:1) were immersed in water and the K, NH4 , Ca, P, Na 
and Mg concentrations in the solution were analysed after 4 
and 30 days. The phosphate concentration was increasing 
with increasing zeolite-apatite ratio, in agreement with pre-
viously published work. This trend indicates that the zeolites 
preferentially uptake Ca2+ from the solution, thus driving the 
dissolution of apatite. 
Since a phosphate-rich rock similar to that used in our 
experiments is not available locally, we have chosen alginite 
as an alternative component for the zeoponic substrate. 
Alginite is a rock rich in algal organic matter with significant 
amount of clay fraction. Slovak alginite from Pincina was 
used. The mean contents of clay minerals on the alginite 
deposit are following: illite 35%, kaolinite 15% and smectite 
10% (Vass et al., 1997). 
Three zeolite-alginite mixtures (5:1, 1:1, 1:5) were 
prepared. The concentration of dissolved ions was increasing 
during the leaching in all mixtures. The highest ion concent-
ration was detected in leachates from mixtures with larger 
zeolite proportions, regardless of whether the second compo-
nent was apatite or alginite. The zeolite-alginite or zeolite-
apatite mixtures were mixed with sand in three different ratios 
and horticulture grass was sown into these artificial soils. The 
grass production is higher at the alginite-based zeoponics. Si-
milar production at the apatite-based zeoponics was achieved 
only for the 5:1 zeolite-apatite mixture. These differences are 
owing to the fact that alginite is a good soil conditioner. On the 
other hand the Slovak alginite has low content of N and there-
fore the production of grass on the pure alginite is lower than 
on the substrates with alginite and zeolites. Mixture of modi-
fied zeolite with alginite showed better results than commer-
cial mixture of zeolite and fertiliser. 
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In the East Serbian part of the Carpatho-Balkanides sedi-
ments of the Lower Cretaceous age appear in three clearly 
different palaeogeographic units named Carpathian (CA), 
Balkanian (BA) and Krajina (KA) area (Andjelkovic, 1975). 
Occurrences of glauconite are related to the Carpathian area 
only (Fig. 1). 
N 
Fig. 1: Distribution of Albian and Albian-Cenomanian sedi-
ments in the East Serbian part of the Carpatho-Balkanides: 
1. Carpathian area; 2. sediments of Albian and Albian-Ceno-
manian age with glauconite occurrences 
The CA extends in the NW-SE direction and continues in 
Bulgaria. Differentiation of the sea bottom from the Upper 
Jurassic throughout the Lower Cretaceous resulted in the 
deposition of shallow-marine sediments. At the end of the 
Aptian time a large part of the CA was underwent sea-regres-
sion and later, during the Albian time, transgression. Evolved 
terrigeneous shallow marine sediments overlie transgressive-
ly Baremian limestones or Aptian sandstones and marls. This 
sediments known as Lenovac beds are rich in glauconite. 
The Lower, Middle and Upper Albian are separated 
according to fossil fauna comprising Ammonites and shells. 
The Lower Albian is composed of detrital glauconitic 
sandstone. The Middle Albian comprises green and red ferru-
ginous sandstone. Sediments of the Upper Albian and Albian-
Cenomanian age are the most wide-spread and overlie Middle 
Albian sandstones or transgressively older rocks. They are 
built up of green fine-grained sandstone and marly sandstone 
alternating with a shale rich in Ammonite species. 
The Lenovac beds extend from Vlaole on the north 
through Krivelj, Tupiznica, Knjazevac, Trgoviski Timok, 
Strbce, Temska to the Mount Stara planina on the southeast. 
On Mount Tupiznica Lenovac beds crop out at a few loca-
lities (Lenovac, Brzakovica, Pcela, Gornja Bela reka, Mergin 
grob) and comprise glauconitic sandstones and sandy marls. 
The coarse-grained, sometimes conglomeratic, mostly ferrugi-
nous sandstones appear as non-stratified masses of 10 to 100 
m thickness and contain 45 to 60vol% glauconite. North of 
Mount Tupiznica, in the area between Kucevo and Bor glauco-
nitic sandstones are slightly clayey, while east of Zajecar, on 
both side of river Crna reka, clayey sandstones with high 
amounts of glauconite (45 to 55vol%) overlie Urgonian lime-
stone. South of Mount Tupiznica, in the area of Knjazevac and 
Mount Stara planina glauconite is the main constituent of 
detrital sandstones associated with conglomerates and marly or 
clayey sandstones and ferruginous limestones. On the east side 
of Mount Golubac (village Radenka) fossiliferous glauconitic 
limestones alternate with coarse-grained quartzitic sandstone 
and fine-grained glauconitic sandstone. 
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The department has been working on the geological 
mapping of the northeastern foreland of the Bükk Mountains 
at an observing scale of 1:10,000 since 1993. During the 
geological mapping several re-worked and erosional lag sur-
facial red clay occurrences were mapped in the Kazincbar-
cika-Miskolctapolca-Diósgyőr triangle. Our boreholes ex-
posed 2 -8 m thick reddish clay and palaeosol sediments near 
Sajóbábony. 
The "red" and "reddish clays" dominantly situated on the 
hilltops on Miocene, Carpathian and Sarmatian various 
clastic deposits, subordinately on rhyolitic tuffs or on their 
weathered material. Re-worked by various landslides they 
can be found in the colluvium in a thickness up to 11 m. Red 
clay infillings can be found even higher than 350 m in the 
karst depressions of the Bükk Mountains, between 250 and 
330 m in the neighbouring western side of the hills, while 
190-210 m in the tectonically lowering southeastern hills. 
According to the latest lithostratigraphical charts they belong 
to the Kerecsend Red Clay Formation (Jámbor, 1998). 
During the observations the surface extension of red and 
reddish clays we more-or-less determined and samples were 
taken from several outcrops and boreholes. The analysis of 
the grain size distribution, mineral composition (using X-
ray diffraction and thermal analysis), structure (electron 
microscopy) and plasticity of the samples was carried out. 
The composition of ferrous concretions were analysed sepa-
rately. The results were compared to the composition of the 
underlying beds, other red clays and palaeosols from North 
Hungary. 
The red clays are reddish brown or rarely brick red, their 
grain size is dominantly fine sandy silt according to the scale 
of Atterberg. Quartz dominates in the mineral composition 
(51-60%) in the samples of exploring boreholes near Sajó-
bábony. The high amount of potassium feldspars and the 
4 - 6 % amorphous phase suggest rhyolitic tuff origin. It is 
supported by the dominant montmorillonite (15-20%) and 
illite (4-12%), while the amount of kaolinite is only 0-3%. 
The material is coloured by 3 - 4 % hematite and gibbsite. 
The plasticity coefficient of the samples is between 25 and 
35, so they are called fat clay in soil mechanics. It correlates 
well with the high montmorillonite and other clay mineral con-
tent. Therefore soil creeps and Auctions, mixing of palaeosols 
and recent soils and the forming of thick colluvium can be 
frequently observed in the profiles of steep valley slopes. 
During the geological mapping, profiling and drilling we 
found extended Sarmatian shallow marine bentonitic rhyolite 
tuffs contaminated with sand and silt in the hilly area, which is 
an important soil forming factor on superimposed lag surfaces. 
Comparing to the other formations of North Hungary 
(Viczián, 2002; Fekete, 2002) the red clays of the area are 
characterised by high amount of smectite and quartz, but 
their kaolinite content is very low. The composition and 
behaviour of our samples show similarity with the so-called 
"nyirok" (Kozák et al., 2002) which is a kind of loam mainly 
formed by the weathering of tuffs, and it is less similar to the 
types formed by eolian materials (loess). 
Hungarian red clays are dominantly aged Pliocene and 
Pleistocene (interglacial), however, dating is often uncertain. 
Age determination of cave deposits (e.g. Füköh and Kordos, 
1977) give information about the age of re-working. We 
found mammoth tooth fragments in partly transported red 
clays on an uplifted hilltop near Parasznya and Pleistocene 
frost wedges filled with red clays and Sarmatian gravels. 
To sum up, the red and reddish, partly eroded clay sur-
face lags located to mainly Sarmatian hilltops are assumed to 
be the Pliocene weathering material of underlying strata 
which is partly eroded, partly re-worked during the streng-
thening tectonic and erosional dissection of Pleistocene age. 
Since red clays cover extended areas they have an impor-
tant economic significance. They determine the features of 
recent soils, the stability of slopes, the potential manner and 
possibilities of building up and their allochtonous occurrences 
even can be used as ceramic raw material. 
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Maboko Island is located in the Winam Gulf of Lake 
Victoria, Kenya. It has long been known for the wealth of 
primate fossils from the Middle Miocene. The Maboko For-
mation contains 20 beds that are roughly divided into a finer 
grained, volcaniclastic lower sequence and a relatively 
coarse-grained higher sequence. Benefit and McCrossin (e.g. 
1997) have excavated thousands of vertebrate fossils from 
the lower, finer grained beds of the formation. The palaeo-
environment has been previously interpreted as the distal part 
of a semi-arid floodplain. However, recent findings indicate 
that, at least in the lower part of the sequence, the Maboko 
sediments display characteristics known to occur in a 
subaqueous environment. Sedimentologic examination of 
bed 3, the lowest of the fossiliferous deposits and collo-
quially known as greensand for its sometimes brilliant green 
colour, shows that a fundamental component of this bed is 
extremely well formed ooids. Further, subangular fragmen ts 
of stromatolites are found to be a minor component, and 
occasionally function as nuclei for the ooids. A reconstruc-
tion of the geometry of this bed indicates that it was most 
likely a beach ramp. The clay content in bed 3 is relatively 
low, but X-ray diffraction analysis indicates it is smectitic. 
The glycolated samples display intense 001 reflections, indi-
cating a high-level of crystallinity. No reflections occurred 
between 10-17 A. So, this bed does not contain any mixed 
layer illite-smectite. X-ray fluorescence spectrometry shows 
that the MgO content is relatively low, which appears to indi-
cate that this bed doesn't contain Mg-smectites. However, 
Fe 2 0 3 is reasonably high in this bed and others examined. In 
bed 5, the well indurated deposits generally show planar 
bedding, but there are instances of what appears to be rela-
tively low angle cross-bedding. However, the apparent cross-
bedding appears to be largely related to localised deforma-
tion. Further, in at least one deposit, these bedding structures 
have been disturbed by bioturbation. The clay content is 
rather low in all the well indurated deposits of bed 5, and X-
ray diffraction analysis identifies them as smectites, with 
readings very similar to those of bed 3. The smectites from 
these deposits display the highest levels of Fe 20 3 . SEM 
investigation shows the smectites to have a „honey-combed" 
morphology. Analysis of the clay mineralogy of the so-called 
„brown lens" of bed 5, which has been the most productive 
of all the fossiliferous deposits, indicates that it is an illite-
smectite. Glycolated samples show strong but relatively 
broad reflections (d = 17 Á) and moderate reflections at cca. 
8.90° 20. Nevertheless, the relatively low clay content of 
bed 5, except for the „brown lens", does not appear to 
support the interpretation that these sediments were depo-
sited in the distal section of a floodplain. Kent (1944) pro-
posed that the Maboko area was the site of a vast Miocene 
lake, but his hypothesis was later discounted. However, in 
the current study, the sedimentology appears to support 
Kent 's hypothesis. 
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Intercalates of montmorillonite with octadecylamine were 
synthesised using low-temperature melting procedure to 
obtain precursors for polymer nanocomposites. Results of the 
interlayer structure analysis show that observed values of 
interlayer spacing depends on the concentration of octadecyl-
amine molecules in the interlayer. The spacing equal to 33 A 
(monolayer arrangement) and 53 A (bilayer arrangement) 
were observed for the following ratios of montmorillonite-
octadecylamine = 100:75 and 100:150, respectively. The 
intercalation reaction is based on the ion-dipol interaction 
and the both interlayer species (Na+ cations and polar mole-
cules of octadecylamine) participate in the host-guest charge 
transfer. The values of calculated exfoliation energy con-
firmed the generally accepted opinion that the exfoliation is 
more easy for the bilayer arrangement of the guests and that 
the increase of the octadecylamine concentration decreases 
the exfoliation energy. Resulting montmorillonite-octadecyl-
amine intercalate with the bilayer arrangement in the inter-
layer is a suitable precursor with low exfoliation energy for 
clay-polymer nanocomposite technology. 
Nanoparticles suitable for clay-polymer nanocomposite 
were also prepared by exfoliation and disintegration of vermi-
culite powder (< 5 urn) using 30% hydrogen peroxide treat-
ment. Significant reduction of the peak intensity of the 002 
reflection was observed (there is only 14% of the intensity of 
non-treated sample) after treatment of the sample with hydro-
gen peroxide (30 minutes at 50°C). Reduction of the peak 
intensity of basal reflections is caused by disintegration of ver-
miculite particles and the hydrogen peroxide treatment is deci-
sive for this process. We suggest at least two possibilities for 
fixation of peroxide in the Mg-vermiculite structure: a) inter-
calation of peroxide molecules into the interlayer (addition of 
peroxide molecules to water molecules), and b) substitution of 
H2O2 molecules for H 2 0 molecules. Combined thermal (at 
50°C) and peroxide treatments cause the significant degree of 
Mg-vermiculite exfoliation and disintegration. 
Crystallisation of nanoparticles of CdS in the interlayer 
"space reactor" of montmorillonite was performed and 
changes in the XRD and IR patterns were observed. Such 
intercalated system is related to the recent discovery that the 
photophysical properties of semi-conductors change with par-
ticle size. A shift of spectral absorption threshold was observed 
when CdS nanoparticles powder and montmorillonite interca-
lated with CdS nanoparticles were compared. 
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This is the first comprehensive report on the study of 
three glauconite populations from the Upper Oligocene 
sandstones of the Eger Formation, North Hungary. Two 
samples originate from Nyarjas summit (Novaj, samples 
#Ny 1 and #Ny3) and the third sample comes from the type 
section of the Eger Formation (Eger, Wind brick yard, 
sample #EWT). 
The samples have been treated with dilute (5%) acetic 
acid to remove carbonates, the detrital and glauconitic grains 
have been separated upon grain size, magnetic susceptibility 
(0.5, 0.6, 0.7 and 0.8 A) and density (2.33-2.83 g/cm3 
density range, step size 0.05 g/cm3). The final separation step 
was hand-picking under the stereomicroscope. The 
glauconite populations were characterised by powder XRD, 
FTIR, main (WDX, EDX, ICP-OES) and trace (LA-ICP-MS) 
element chemistry. 
Although originating from the same formation, the three 
samples exhibited significantly different characteristics. 
Sample #Nyl represents a complete evolution series from the 
lowest to the highest densities, while #EWT is a highly 
evolved population of mainly high density grains and #Ny3 
is a less evolved population with the dominance of low 
density fractions. 
The substrates of the glauconitic grains differ, too: the 
substrate in #EWT is volcanic debris only, while in the other 
two samples both volcanic debris and biogenic grain 
(foraminifera tests, faecal pellets, echinoderm fragments and 
snails) substrates are present. Glauconites of #EWT are 
allochthonous while those of the two other samples are 
autochthonous. 
The smectite-mica structural evolution (see e.g. Wiewiora 
and Lacka, 1985) is detectable on the powder XRD patterns 
of all the three samples; however, each population is 
characterised by a specific and constant d06o value (1.515, 
1.517 and 1.521 A for #EWT, #Nyl and #Ny3, respectively). 
As confirmed by main element chemistry, the populations 
basically preserve their tetrahedral trivalent cation 
proportion. As expected, the d06o value relates to the 
tetrahedral cation proportion: the higher the trivalent cation 
substitution, the higher is the d06o (0.20-0.25 p.f.u. for 
#EWT, 0.40-0.45 p.f.u. for #Nyl and 0.50-0.60 p.f.u. for 
#Ny3, respectively; formula unit is always calculated for 
11 O atoms). Concerning octahedral occupancy, samples 
#Ny3 and #Ny 1 decrease from 2.2 to 2.0 p.f.u., while #EWT 
decreases from 2.1 to 2.0 p.f.u. The different evolutionary 
stage is reflected in the different interlayer charge ranges: 
0.45-0.90 p.f.u. for #Nyl , 0.50-0.85 p.f.u. for #Ny3 and 
0.50-0.90 p.f.u. for #EWT. The reworked and diagenetically 
altered nature of #EWT is reflected in the main chemistry: 
data are a little scattered and increasing density fractions are 
not strictly following the expected chemical evolution trend. 
The REE content of glauconite is dependent on the 
substrate type but also on diagenetic processes: #Nyl and 
#Ny3 reveal decreasing REE content with increasing 
evolutionary stage while #EWT has an increasing REE 
content due to the postgenetic precipitation of REE-Ca 
phosphates (with the dominance of Ce). Within a given 
density fraction, usually faecal pellets have the highest, 
echinoderm test fragments the lowest REE-content 
(analytical error due to high porosity cannot be entirely 
excluded), while other biogenic grains and rock fragments 
have overlapping values within the two extremes. 
Glauconites exhibit negative Ce and Eu anomaly (normalised 
to PAAS), except for #EWT, which has positive Ce anomaly 
due to the above mentioned phosphate precipitation. 
Based on the clear, from diagenesis undisturbed example 
of #Nyl , both the structural and crystal chemical evolution 
steps of glauconitisation were recorded. The gradual 
incorporation of K, Fe2+ and Fe3+ into the structure parallel to 
the release of A1 (for a comprehensive overview see Odin 
and Fullagar, 1988) have been confirmed by bulk chemistry. 
Due to the chemically stable tetrahedral sheet, the increase in 
the interlayer charge is compensated by the decrease of the 
cationic charge of the octahedral sheet. Three substitutions 
take place in the octahedral sheet: (1) A1 => Fe3+, (2) A1 => 
Fe2+, (3) A1 => • (vacancy). The second substitution process 
decreases only the octahedral cation charge, while the third 
one decreases both the octahedral occupancy and the 
octahedral cation charge. The latter two substitutions are 
equally significant in compensating the increase in the 
interlayer charge. 
This work has been supported by the SYS-Resource 
Programme of the European Community and the Natural 
History Museum (London) and by the Hungarian Science 
Foundation (OTKA) grant T25873. 
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In the monolithic (non powdered) samples of talc Wie-
wiora (1997) determined superstructure, characterised by 
d(ooi) = 18.7 A with integral series of d(0oi// until / = 18, 
while X-ray tracings of powdered aggregates showed only all 
the talc common peaks. The strongest reflection for powder 
is 001, while it is 003 (006 of superstructure) for quasi single 
crystal sample. From intensities of the basal reflections, 
divided by Lorentz-polarisation factor for single crystal, a 
one-dimensional Fourier analysis was performed. It revealed 
increase in the electron density, right in the middle in the talc 
interlayer space (Fig. 1). This additional electron density 
band correlates rightly with a very strong vibration at 101 
cm"' in the far infrared, for the first time obtained on monoli-
thic sample, while this band is hardly visible in this position 
in the spectra from powdered sample. This band clearly indi-
cates some Mg in the interlayer space of talc. 
There is no direct proof for the occupation of structural 
positions in talc by Ca, Na, K but positive correlation of Na 
with tetrahedral A1 (R2 = 0.71) may indicate that some Na may 
enter also the interlayer positions to enable charge balance due 
to tetrahedral substitution of Si by lower-valency cation, na-
mely A1 and/or Fe3+. 
1 I I I I r 
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Fig. 1: One-dimensional [001] electron density distribution 
for two layer structure of talc. 
Medium infrared Fourier spectroscopy revealed, in some 
samples of talc, vMg3OH (band present in all spectra), but 
also vMg2FeOH, vMgFe2OH, vFe3OH and for the first time 
vMg2A10H band. In the same samples 2vMg3OH, 
2vMg2FeOH, 2vMgFe2OH, 2vFe3OH and 2vMg2A10H vib-
rations were for the first time recorded in the near infrared 
spectral region. The spectra proved presence of Fe and A1 
substituting Mg in the octahedral positions of talc and 
enabled their quantification (Petit et al., 2004). Mossbauer 
technique, as applied to study four samples, demonstrated 
that 62-68% of iron is as Fe2+ located in octahedral positions. 
Fe3+ is located in the octahedral and tetrahedral positions. 
The determined distributions of Fe2+ between M( l ) , M(2) 
and M(3) octahedral positions appear to depend on tempera-
ture in which experiment was performed. At 80 K the two 
different octahedral occupancies of Fe were differentiated, 
but three occupation positions at 4 K. 
These XRD and spectroscopic data may mean that our 
understanding of talc structure as polytype 1 Aa—II FLVM). be-
longing to C - l space group (more or less disordered) may be 
not adequate with real structure of some individual samples. 
In several samples of talc, originated by transformation of 
e.g. micas or chlorites, superstructure is quite evident. In the 
light of one-dimensional electron density by Fourier trans-
forms analysis, the structure may be explained as two layer 
arrangement with the basal spacing d(00r> = 18.7 A. In each 
pair of layers, having different electron densities of octahed-
ral sheets (possibly tetrahedral, also), the even (e) orientation 
of octahedral sheet, intra-layer displacement along <5> vec-
tor and interlayer displacement of tetrahedral sheets belong-
ing to adjacent layers along <1>, produce resultant layer dis-
placement <0>. Such a structure (Fig. 1) gives superstructure 
reflections in XRD pattern. 
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The present work was based both on published data on 
talcs and on our own talc analyses. The total number of che-
mical analyses of talcs exceeded 120. Chemical compositions 
of talc show various elements, such as Fe, Al, Cr, Ni, Mn, 
alkalies and fluorine. Several analyses of talcs from Egypt 
(El-Sharkawy, 2000) show the rectilinear negative correla-
tion of Si and Fe3+ suggesting simultaneous substitution of 
Fe3+ both in tetrahedra and in octahedra according to the 
mechanism MgSi«-» Fe3^Fe3+. This was verified in talcs defi-
cient in Si and rich in Fe. Essentially better calculated formu-
las and agreement of the layer charge with the theoretical 
value 22 were achieved after recalculation of Fe oxidation 
state according to the above mentioned scheme (Fig. 1). The 
highest Fe3+ contents demonstrate talcs from low-tempera-
ture crystallisation environments. The likely explanation is 
interaction with pore fluids. 
Chemical compositions of octahedral sheet, plotted in the 
ternary diagram Mg-Al-Fe+Mn+Ni+Zn, demonstrate a quite 
regular grouping of projection points into three fields: I) near-
stoichiometric talcs around 100% Mg; II) talcs with elevated 
Fe+Mn+Ni+Zn contents and III) Mg-Al talcs. Samples repre-
senting all genetic types gather in the first field, in the second 
dominate talcs from high pressure and ultramafic environ-
ments, and in the third dolomite related talcs (Fig. 2). 
The positive correlation of tetrahedral Al and Na (R2 = 
0.71) suggests the substitution mechanism involving the 
tetrahedral sheet and interlayer space: NaAl *-* Si (Fig. 3). 
Much weaker correlation shows octahedral Al (R : = 0.50). 
Sodium content shows positive correlation both with tem-
perature and pressure of talc crystallisation. It is likely that 
high PT conditions favour incorporating Na into the talc 
structure. 
No correlation was observed between chemical composi-
tion and structural varieties of talc, expressed as the presence 
or absence of structural and/or superstructural diffractions in 
powder diffraction patterns. 
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In the frame of a multidisciplinary research project we are 
studying the Permian/Triassic (P/Tr) boundary, for a better 
understanding of the dramatic and abrupt ecological change in 
this period. At the P/Tr boundary about 95% of the marine 
species became extinct (Sepkoski, 1996). The current presen-
tation is a report of some of the clay mineralogical data in a 
Hungarian geological section crossing this boundary. 
Our section is located close to the top of the Bálvány Hill 
in the Bükk Mountains (about 120 km northeast of Budapest). 
This is a composite section, exposed in two outcrops within a 
distance of a few hundred m from each other. The outcrop 
containing the lower part of the section is situated on the 
northern slope of the hill and is called "Bálvány North". The 
upper part of the section is cropping out at the eastern side of 
the hill and is referred to as "Bálvány East". The section con-
tains the top of the black, thick bedded Nagyvisnyó Limestone 
Formation and the lower part of the Gerennavár Limestone 
Formation. The Gerennavár Limestone Formation starts with 
the fine-grained siliciclastic "Basal Bedset" followed by the 
thin bedded "Transitional Bedset" (Hips and Pelikán, 2002). 
The uppermost part of the Nagyvisnyó Limestone turns 
to a marl, the HC1 insoluble part of it increases from 2 to 
40%. Going further upward follows the very homogeneous 
Basal Bedset of an average carbonate content of 26% only, 
except for a 2 cm thick limestone and a 3 cm thick sandstone 
layer (Zajzon, 2003). The thin bedded Transitional Bedset 
consists of limestone interlayered by marl and clay horizons. 
In the section the HC1 insoluble residue consists mainly 
of clay fraction minerals. The larger size terrigeneous grains 
are rare, except for the above mentioned 3 cm thick sand-
stone layer in the Basal Bedset. This layer is a fine-grained 
sandstone cemented by carbonate. It contains much (two 
magnitudes) higher amount of terrigeneous grains than any 
other beds from the section. The heavy mineral population is 
very mature. Zircon represents most of the grains. The rest 
are tourmaline and rutile, some actinolite is also present (Zaj-
zon, 2003). 
For clay mineral studies the collected samples have been 
crushed and decarbonated by 5 vol% CH3COOH. After wash-
ing to neutral pH, the < 10 (im fraction has been separated by 
sedimentation, applying Stokes' law. The clay fractions were 
measured by X-ray diffractometry on non-oriented, oriented 
untreated and oriented ethylene glycol treated samples. 
The clay minerals of the section are kaolinite (7.1 Á), a 
10 Á phase (muscovite, illite) and smectite (14.2-14.4 Á). 
Usually kaolinite is dominant. For ethylene glycol treatment 
the 14.2-14.4 Á reflection of smectite shifts to 16.5 Á. This 
clay mineral pattern does not change from the Permian to the 
Triassic in the section: there is no indication of any tuff layer 
or other volcanic activity, just the relative carbonate amount 
changes from layer to layer. 
The lack of the change in the clay mineral spectrum is 
similar to another P/Tr transition zone (Gárdony-1 borehole) 
in the Transdanubian Unit, where the dominating clay mine-
ral is illite (Zajzon, 2003). 
Acknowledgements 
This project was sponsored by the research grant OTKA 
T037966. 
References 
HIPS, K., PELIKÁN, P. (2002): Geologica Carpathica, 53 (6). 
351-367. 
SEPKOSKI, J. J. jr . (1996): Global Events and the Event Stra-
tigraphy in the Phanerozoic. Ed. Wallisier, O. H. Springer, 
Berlin, 35-51. 
ZAJZON, N. (2003): Acta Mineralogica-Petrographica - Abs-
tract Series, 1, 117. 
62 
www. sei. u-szeged. hu/asvanytar>/acta. htm 118 
Acta Mineralogica-Petrographica, Abstract Series 4, Szeged, 2004 
CLAY MINERALS IN LAND MOVEMENTS AT HOLLÓHÁZA, TOKAJ MOUNTAINS 
ZELENKA, T..' KOVÁCS-PÁLFFY, P.,2 TRAUBERT, N.3 
1 Hungarian Geological Survey [Magyar Geológiai Szolgálat], Stefánia út 14., Budapest, 1143, Hungary 
2 Geological Institute of Hungary [Magyar Állami Földtani Intézet], Stefánia út 14., Budapest, 1143, Hungary 
3 Keviterv Plusz Ltd., Katalin u. 1., Miskolc, 3527, Hungary 
Hollóháza is in the northeastern part of Hungary, in the 
Tokaj Mountains region neighbouring Slovakia. This is a 
potential area for land movements which derives from the 
characteristic geological structure of the mountains. There 
were several unfortunate examples in the recent past for 
showing the real nature of this phenomenon. 
The region of the Tokaj Mountains used to be the part of a 
former volcanic archipelago, constantly sinking in the Middle-
Upper Miocene between fault lines stretching to Hernád and 
Rongyva streams (NE-SW, NW-SE). Volcanism was calc-
alkalic in nature which, in two cycles, resulted in rhyolitic-
rhyolitic tuff an then andesitic-dacitic and basaltic-andesitic 
lava and debris during the Badenian and Sarmatian stages. 
Hollóháza is surrounded by the ring-shaped wrecks of the 
former trenches of a Miocene volcanic caldera, 4 - 6 kms in 
diameter. These peaks form the watershed rising over the 
village by 250-300 m at 500-600 m. The inner area is about 
20 km2, into which approx. 12 million m3 water quantity 
filters and runs down to the catchment area of Török stream 
every year on average out of 600-650 mm rainfall. The rain-
fall flows towards the village from all directions down the 
steep slopes, partly as surface water flows and water from the 
aquifers, partly as fissure water. 
The village settled down in the natural cirque of the former 
caldera. Here rhyolite tuff and clayey sea sediments of various 
thickness (10-20 m) and volumes (< 20 km2) are settled on the 
base andesite. On their border, wells from aquifers are sprung 
on the valley bottom. The cirque-like depression is divided 
into two from northwest to southeast by a huge tectonic valley 
showing lateral movement (Török stream valley). In the south-
east it breaks through the trenches of the former caldera like a 
gorge. From east and west towards the tectonic valley clay and 
rhyolite tuff layers lean with 10-25%. 
The rhyolite tuff with different grain sizes originally fallen 
into water and alternating with Sarmatian sea clays has been 
strongly become clayey but the covering humus has a high 
clay mineral content, too. These rocks swell due to getting in 
contact with water and slides happen to occur on their sur-
faces. Andesitic rocks in the basement also became clay mine-
ralised, strongly contributing to the occurrence of slumps. 
These geological formation cause different land move-
ments in size due to the high swelling clay mineral content. 11 
potential hazardous areas can be delineated in Hollóháza, from 
which the most dangerous are the southern side of Nagy Hrabó 
Mount (1.5 million m3 moved mass), surroundings of the 
Roman Catholic church (0.3 million m3) and surroundings of 
Attila József residential area (2.5 million m3). 
Different slides can be slumps, earth sinks and glides 
morphologically causing serious damages to buildings, road 
and public utility networks. Inside the village, at the upper 
part of Rákóczi Road and near the Porcelain Factory land 
movements are not present because these are settled on 
massive lava rocks. Other parts of the village are settled on 
formations consisiting of strongly clay-minerals-bearing Sar-
matian clay alternating with rhyolite tuff which is slide 
hazardous to a greater extent due to the swelling ability of 
clay minerals and plays an important role in the damaging 
changes of the surface. 
Table 1: The swelling clay mineral content of rocks in % 
Formation Montmorillonite Illite-montmorillonite 
Humus 29 (20-43) 4 ( 0 - 5 ) 
Sea sandy clay 24 (12-50) 4 ( 0 - 6 ) 
Rhyolite tuff 52 (34-81) 1 (0-6) 
Andesite 74 (58-91) -
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During the last six years many research programs of the 
Institute of Geodynamics were directed to topics related to 
the various geodynamic processes taking place in the Vran-
cea region, a well defined European seismo-active area; and 
a geodynamic polygon representing an area of 30,000 km2, 
delimited by the 26° and 27°30' meridians and the 44°30' 
and 46° parallels, incorporating the Vrancea region, was set 
up for experimental works. 
At the same time, the geodynamic polygon area attracted 
our attention due to the huge volume of borehole geophysical 
measurements coming from more than 3000 wells, drilled in 
the depth interval 0-7025 m, for exploration and exploitation 
of hydrocarbon resources. The thick Miocene and Pliocene 
detritic sedimentary sequence penetrated by these boreholes 
was rapidly and deeply buried, giving rise, in sealed pores, to 
very high overpressures in the fluids of rocks. 
According to our studies, the most important mechanism 
related to this overpressure generation are the aquathermal 
pressuring effect and the smectite-illite diagenesis. 
The aquathermal pressuring phenomenon has been much 
discussed in the literature and a previous work carried out at 
our institute demonstrated the prevalent role of this over-
pressure mechanism in our area of study, where fluid pressure 
gradients reach 22 MPa/km. 
As far as clay diagenesis is concerned, the chemical reac-
tion involving smectite-illite transformation by K fixation, 
which releases a significant amount of bound water from 
clay platelets into the rock pore space, may also be consi-
dered, to a certain extent, a cause of the high overpressures 
recorded. 
Such a process was reported by many authors as being 
kinetic in nature and controlled by the temperature and time 
history of sediment burial. Most of them indicated that such a 
chemical reaction is mainly a function of temperature and 
typically begins between 60°C and 80°C. 
For instance in the Gulf Coast shales, illite-smectite is 
20-80% before the diagenesis starts, progresses to 80-20% 
mix at about 140°C, finishing with a complete illitisation 
above the temperature of 250°C. 
In the above mentioned rocks the customary techniques 
used for smectite-illite investigation were based on X-ray 
laboratory analyses accomplished on a preselected number of 
cores, samples drawn from boreholes. 
Nevertheless, without any extra cost, the same objectives 
can be approached using the continuous measurements of 
well logs recorded in each borehole. It has been proved that 
such a technique was very suitable in a region such as our 
geodynamic polygon, where the number of recovered cores 
from geological formations is scanty. 
The Miocene-Pliocene sedimentary pile is constituted of 
sand-shale series in which montmorillonite is the most fre-
quent argillaceous component. 
Open hole investigations comprise electric, radioactive 
and sonic logs. Wildcat and discovery drillings include yet 
more measurements, such as the lithodensity log and natural 
gamma ray spectrometry. 
Such exquisite measurement, performed by Schlumberger 
equipments, supplied basic data to appreciate both the Comp-
ton scattering low-energy gamma ray interactions and the pho-
toelectric effect arising occurring during the subsequent 
absorption process of gamma rays. Natural gamma ray spect-
rometry in its turn supplies continuous measurements of the 
following three radioactive isotopes: 40K, 238U and 232Th. Be-
cause the different clay minerals have characteristic concentra-
tions of K, U and Th, the continuous logs recorded in the bore-
holes have been used to identify the types of clay minerals. 
Field data coming entirely from the geodynamic polygon 
have been processed according to Schlumberger instructions. 
Eight boreholes were selected to completely cover the depth 
interval 600-6000 m, allowing the precise monitoring of clay 
mineral conversion from montmorillonite to mixed layer and 
afterwards to illite. 
All graphical presentations and interpretation are dis-
played on the poster. Conclusions can be summarised in the 
following points: a) the use of well logging measurements 
provide the most complete information for smecite-illite dia-
genesis; b) the above mentioned clay mineral conversion is 
kinetic in nature and seems to start almost immediately after 
sediment deposition; c) the higher the geothermal gradient 
during sediment burial, the faster is the conversion rate; d) 
the high lithostatic pressure gradients lead to an obvious 
slowing down of the illitisation process. 
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